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CURATORIAL CARE OF WORKS OF ART ON PAPER

INTRODUCTION

The intention of this report is to be helpful to the museum curator in his
task of caring for works of art on paper. The topics discussed, therefore,
concern curatorial problems and procedures. Techniques of restoration are
not considered because it is most advisable to submit all major treatment to

a qualified restorer working in a well-equipped laboratory. By major treat-
ment is meant any procedure, more than minor in character, which involves
the direct manipulation of a paper support or its design for the purposes of
restoration.

The report is divided into three sections. In the first, there is an attempt
to consolidate published information about factors that can be injurious to

paper and about suggested safeguards. The substance has been drawn largely
from the books and articles listed in the bibliography. Because of the
broad scope of the subject and because technical knowledge about paper is

constantly expanding, this section should be considered simply as an indica-
tion of the principal areas in which a curator should keep himself informed.

Section II outlines procedures for treatment: initial care, matting, fram-
ing, storage, etc. It is based on techniques generally advocated by paper
conservators, occasionally somewhat modified by the particular experience
and personal preference of the writer.

All parts of Section III--formulas , materials and equipment together with
their sources--could be expanded to fill many more pages. The few formulas
are for substances which the curator will need but which he will prefer to

make himself rather than to buy. For the start of his workroom, the list of
materials and equipment is intended to be sufficient, at least until he has
developed his own modifications of techniques and preferences for tools.

The list of actual sources for purchase is only cursory and, of course, is

subject to change.

Specific products mentioned in the footnotes, as well as in Section III, are
given not because they are necessarily the best of their kind but because
they either have been found satisfactory by the writer or have been recom-
mended by others; also because they could make good starting points in the
purchaser's search for the particular articles most suitable to his needs.
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SECTION I

FACTORS POTENTIALLY HARMFUL TO PAPER

A curator's awareness of harmful factors, together with his determination
to do all in his power to avoid or control them, is of prime importance. He
must apply his knowledge to the actual situations in his particular build-
ing, specifically, in the present concern, to the care of paper within it.

Often this requires imagination and a lot of bullheadedness . On the one
hand, he should know by his own use of monitoring instruments or by consulta-
tion with professional engineers what are the conditions of atmosphere
throughout the year in rooms where paper is kept, how these conditions com-
pare to the optimum, how to use and modify them; on the other hand, he
should have some knowledge of paper as a material, its structure and prin-
cipal components, its characteristic responses to environment, how modern
papers differ from old, etc. His constant vTgilanclT, father than unques-
tioning reliance upon equipment and past assurances, is a definite advantage
that should guard against harmful changes—a malfunctioning air conditioner,
a new factory in the neighborhood, a product whose manufacture has been
altered.

Many of the agents damaging to paper, whether latent in its own structure
or in the conditions under which it is kept, have been known for some time.

But increasingly in the last several decades, the findings of scientists and
others concerned with paper, widely published, have substantiated this knowl-

edge with such emphasis as to make disregard of the teachings a serious

mistake.

ENVIRONMENT

Exterior Climate, General and Local

Every kind of climate offers difficulties for the preservation of man-made
objects, and that of the northern part of the United States certainly is no

exception. It has a Continental Climate, humid, with hot summers and cold

winters. In non-airconditioned buildings, such a climate can mean an almost
continuous struggle with high humidity levels, except during the period of

central heating when dryness becomes excessive. Often in spring and autumn
there are daily marked fluctuations of temperature and humidity which can

cause thin hygroscopic materials like paper, left unprotected, to swell and

contract in harmful alternation. Because of widespread gaseous pollution,

atmospheric acidity is now of almost universal concern. Carried in rain and
snow, its baleful influences are felt in the countryside as well as the city.

Recent samplings in northeastern United States have shown precipitation to

be many times more acid than had been anticipated by ecologists.

- 2 -



For true assessment of the climatic conditions of a particular location,

information from the nearest airport or radio-TV station often is not indic-

ative enough and should be modified by consideration of possible local

variations which could be caused by factors such as prevaling winds, nearby

bodies of water, the conformation of the land and the presence of surround-

ing vegetation. City museums have special problems. Urban conditions-
congestion of buildings, industry, traffic, etc. --affect the climate. Paul

Coremans said of the microclimate of a large city, "In comparison with the

general climatic characteristics of its surrounding area, a city like Paris

receives less direct solar radiation but more artificial heat from domestic

and industrial fires, precipitation is heavier but the relative humidity is

lower and atmospheric pollution is much more pronounced.' Since this state-

ment was made in 1968, the dire effects of pollution on things animate and

inanimate have become the fearful knowledge of everyone. However, the grow-

ing insistence that pollution be stopped before we have irretrievably injured
the earth could result in reducing or even ending this threat. In this

country, the passage of the Clean Air Act of 1970, backed by the supervision
of the Environmental Protection Agency, gives hope for the future. Until
that time comes, cities have to endure the corrosive effects of gases and

particulated matter from such sources as industrial plants, heating fuels

and car exhausts. The airborne products are all-pervasive--carried in rain,

in smoke particles, themselves sooty and scarring, in aerosols so small that

they follow currents of air to coat buildings, to enter doors and windows,

to cling to the garments of people. These conditions are worsened during
the winter months or when there are temperature inversions which reduce the

dispersion of pollutants into the upper air. Some cities, especially in

sunny localities, are termed "automobile cities" because in them ozone is

prevalent, a strong oxidizing agent, which the sun's rays liberate from the

nitrogen dioxide emitted by car exhausts. The Los Angeles smog, where con-

centrations of ozone are very high, is usually the example cited, but the

dangerous gas exists in every urban area. More common are "smoke cities"
so-called because of the high percentage in the air of sulfur dioxide emit-
ted by heating and industrial fuels. Sulfur dioxide and related compounds
can be changed into the destructive, non-volatile substance, sulfuric acid,
in the presence of moisture and catalyzed by metal pai'ticles which are always
found in polluted air and very often found as impurities in paper itself.
It is known that oxidizing pollutants, ozone and its precursor nitrogen
dioxide, and reducing agents derived from sulfur dioxide coexist in urban
air, so that both must be considered in the protection of sensitive objects.

Certainly it is not within a curator's scope to be meteorologist or building
superintendent, yet he should be aware of the condition of the surrounding
climate and of what kinds o f con trol are needed by h is particular_building
in order to reduce harmful in take and exposure. Knowledge of the weather
history of theTarea, its extremes of temperature and humidity, and of the

Paul Coremans, "Climate and Microclimate," The Conservation of Cultural
Properties with Special Reference to Tropical Conditions , Paris: Unesco,
Museum and Monuments Series XI (1968), p. 36.
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_way the building in all its parts functions as a shelter, even indeed how
it withstands nature's worst manifestations, is important for many reasons,
not the least of which is the selection of exhibit and storage locati ons
for holdings of different kinds of materials. Reactive substances like
paper should occupy places most protected against sudden changes or advers e
c 1ima tic effects

.

"

Monitoring Atmospheric Pollution

The Environmental Protection Agency is in the process of establishing sta-
tions, already well scattered near urban centers, throughout the United
States, which monitor the neighboring air for harmful concentrations of

gases. The stations dispense the information they accumulate. This new
service can be of value to museum personnel in determining the general
character of the surrounding air. However, in order to know with greater
surety if local variations of pollution exist around a building, the informa-
tion can be augmented by the use of a portable gas detector. There are a

number of instruments available which can detect gases such as the dioxides
of sulfur, nitrogen and carbon, ammonium hydroxide, etc. The instruments
range from very sensitive but costly ones to relatively inexpensive kits.

The latter are composed of small air pumps and sets of calibrated tubes,

each tube containing a material impregnated with a chemical which reacts by
color change to one gas or another, the degree of concentration being meas-
ured by the length of the stain. Ozone cannot be determined by these devices.
Its detection and measurement are difficult and require very expensive in-

struments or a fairly sensitive chemical test- -bubbling the air being tested
through a carefully prepared iodide-starch solution. Reliance on information
from a nearby E.P.A. station is perhaps the most practical way to determine
exterior ozone amounts. Furthermore it would be a reliable way because the
gas seems to spread uniformly over quite large areas. For example, high con-
centrations detected on a property belonging to the University of Delaware
near Dover were the same as those in Washington-Baltimore, the assumed
sources, and in the intervening forty mile region.

Further information can be obtained from local E.P.A. stations or from
the National Air Pollution Control Administration, Raleigh, North Carolina.

3One such instrument is the Miran Portable Gas Analyzer produced by the
Wilks Scientific Corporation, South Norwalk, Connecticut 06856.

^For example: the Gas Hazard Indicator of Bacharach Instruments, 625
Alpha Drive, Pittsburgh, Pennsylvania 15238; or the Air Pollution Test Kit
of the Edmund Scientific Company, 400 Edscorp Building, Barrington, New
Jersey 08007.
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INTERIOR CLIMATE

Air conditioned Museums

The problems imposed by the climate and by the quality of modern city air

can be counteracted best by closed buildings equipped with efficient air-

conditioning systems tailored for museum requirements, and with entrance

vestibules where visitors are encouraged to leave their outdoor garments.

The jair in such a building can be filtered at the intakes, washed, perhaps

deacidified in the washing, humidified or dehumidified as the situation de-

mands. Then it can be circulated and recirculated after being mixed with a

proportion of freshly admitted and cleaned, air. Tn the construction of a

new museum, the air conditioning plant should be given prime consideration;
the most advisable equipment installed without skimping on cost. A building
whose structure can isolate the interior from the influences of outside
conditions and which is furnished with a suitably designed and properly
main tained~sys tern can offer the best possible housing for the preservation
of priceless objects.

Unfortunately, however, the ideal museum building is rarely if ever found,

and the curator should be aware of the factors inherent in the structure of

his building which can modify the interior environment in spite of the

automatic equipment. What is the temperature of the in^jjde__surfa_c_gs of the

walls during very high or low outside tempera tures?_ If the walls fulfill
the function of pr ovIdin"g~"tTfermaTniris"u laition , the temperature should come
reasonably close to that of the room. WhatTkind of windows and window fram-
ing are installed and how much area do the windows cover? Windows are poor
thermal barriers, although double glazing does increase insulating efficiency.
The glass walls in some contemporary buildings make humidity control of the

interior extremely difficult. Do the walls contain adequate vapor barriers?
In cold climates, if moisture seeps into the structure either from the inside
or the out, it can freeze there causing cracks which could damage therma l

insulation and security from pollutants. What about interior air circula-
tion? Some forced air systems have been known to create air currents of such
high velocity as to be hazardous, for example, to make framed objects vibrate
against the walls. If an electronic precipitator is used at the intake to

remove soot and dirt particles from the air, has the ozone which this device
can create been completely absorbed before the air is circulated into the
rooms?

Even if the structure and the equipment were close to the ideal, there re-
mains the human factor. Many museum personnel do not really understand how
air conditioning functions. One of the most persistent mistakes is the no-
tion that all difficulties associated with control of interior atmosphere
can be dismissed from mind because the costly machinery will prevent their
occurrences. Actually a malfunctioning system whose misbehavior is not
detected because it is unmonitored or incorrectly monitored can be more
harmful than no control at all. Faulty operation means a distortion of the
chief purpose of the system, that of providing levels of climatic conditions
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tolerable to museum objects and maintaining them as evenly as possible. The
operation of the complex equipment must be supervised, preferably by a know-
ing member of the building staff. If there is no staff member thoroughly
trained in the field, it would be wise to arrange for an experienced engineer
to make periodic visits for inspection and advice. Additionally, the curator,
as well as everyone responsible for the well-being of objects, always should
be alert to detect possible trouble by the use of monitoring devices and by
observing physical indications: places of dust or soot accumulations, con-
densation, water stains, soil or salt patterns on walls, cracks in wall sur-
faces, occurrences of insect traces, the presence of unexplained odors,
places of still air where circulation has been blocked, etc. It is important
to know the limitations of any particular system and so avoid overtaxing it
beyond the capacity for which it was designed. There have been instances,
for example, of popular exhibitions so heavily attended that the air condition-
ing was completely overburdened allowing temperatures and relative humidities
to rise without control during visiting hours.

Monitoring Devices for Interior Climate

Needless to say monitoring of the interior environment is essential. The
following devices are advised; and, especially in the case of those which
measure relative humidity, should be used with routine regularity by the

maintenance staff. The curator also should be familiar with them and consid-
er it part of his job to use them himself whenever necessary. They are re-
quired to check on the continuing efficiency of the air conditioning and to

watch places which are suspected of not receiving the full benefits of the

system. For museums without conditioning, they permit a surer knowledge of

the building than could otherwise be obtained: where weather and pollution
penetrate and to what extent, where should be the closest surveillance dur-

ing storm, where interior conditions are the least stable and why; by exten-
sion, to know which areas are suitable for the housing of objects according
to their degree of sensitivity. The knowledge and accumulated records will
constitute the basic information needed should any form of air conditioning
be planned.

1. Gas Detectors . Determination of the presence of polluting gases

within a building, except ozone, can be accomplished by the instruments and
indicator kits described in the section on monitoring above. Also there are
simple telltale devices of considerable usefulness which test for specific
gases. "Colortec" is a card which holds a chemical reactive to hydrogen
sulfide and has a color scale to indicate the degree of concentration.
"Sulfit Testpapier" is a paper strip described by G. M. and D. G. Cunha that
shows a color change when in contact with sulfur dioxide. They report that

it has added advantages because the color varies with the moisture content

5"Colortexn requires that the velocity of the air being tested be known,

It is manufactured by the Metronics Associates, Inc., 3201 Porter Drive,
Palo Alto, California 94304.



of the air and the rate of change with the amount of sulfur dioxide present.

An engineer should test for ozone, and, If it is present, advise how best to.

absorb It. 8esides the electronic precipitator, there are other pieces of
equipment that can create ozone Inside a building, such as germicidal appli*
ances sometimes placed in cafeterias, laundries and toilet rooms.

2. Air Velocity Meter or Velometer . This instrument serves a number
of purposes In the assessment of interior conditions: to measure air flow
at the doors of galleries and along corridors in order to find the rate at
which the air changes; to measure air flow discharged at registers; to detect
hazardous velocities and wind tunnel effects; to determine whether there are
air leaks near wall cracks and the fittings of windows, doors and skylights.
It should be self-contained, easily portable and preferably small to register
air movement in confined spaces* It is important that its sensitivity be
suitable for the intended uses.

3. Devices for Measuring Relative Humidity and Temperature . Control
of these factors is vital to the preservation of any hygroscopic material
because, among many other reasons, its moisture content is dependent on the
relative humidity and indirectly on the temperature of the surrounding space.
Relative humidity (R.H.) is the amount of water vapor actually in a volume of

air expressed as a percentage of the total amount of vapor that the air could
contain at the same temperature. If the R.H. reached 100%, the air would be
saturated. The warmer the air, the more moisture it is capable of holding;
that is, if the temperature in a room were raised but no moisture added, the

R.H. would be proportionately lowered.

For one purpose or another, it is advisable to have on hand all the instru-
ments described below:

a. The Sling Psychrometer has two matching thermometers on one mount
and an attachment which allows it to be manually rotated in the air. The
bulb of one of the thermometers is covered with a cloth sock. For R.H.

G. M. and D. G. Cunha , Conservation of Library Materials , 2nd ed.,
Metuchen, New Jersey: The Scarecrow Press, Inc., 1971, pp. 387-389. The
test papers can be obtained from the Gallard-Schlesinger Chemical Manufactur-
ing Corporation, 584 Mineola Ave., Carle Place, Long Island, New York 11514.
The chemical may be cobaltic oxide; the presence of hydrogen sulfide can
interfere with the reaction.

For example: a hand size device is the Floret Air Velocity Indicator
manufactured by the Bacharach Instrument Company, 625 Alpha Drive, Pittsburgh,
Pennsylvania 15238.

o
Sling psychrometers can be obtained at any reliable scientific supply

house; for example, Arthur H. Thomas, Corner of 3rd and Vine Streets,
Philadelphia, Pennsylvania 19105.
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measurement, the sock is wet and the psychrometer swung until the reading of
the wet-bulb thermometer remains steady (about a minute or more). The rela-
tive humidity is calculated from the amount of depression of temperature
caused by the rate of evaporation of the moisture on the sock. Provided the
thermometers are well matched, the instrument gives accurate measurement and
can be used to check the readings of recording and dial devices which fre-
quently need adjustment.

b. The Electric Psychrometer is the same as the manual one except that
a small battery operated fan draws in the air and blows it over the thermom-
eter bulbs. It is easy to use and makes possible the taking of many R.H.
measurements in one session without tedium. However, because the batteries
run down and the motor sometimes needs repair, the hand psychrometer is a

necessary backup instrument.

/ c. Recording Hygro thermographs are complex, precision machines that
record the fluctuations of humidity and temperature by means of various kinds
of sensing elements (filaments, diaphragms, bimetal coils, etc.) and ro-
tating discs or drums which are faced with calibrated papers. The sensing
elements activate pens to make traces on the paper as it revolves. A complete
revolution is exactly timed to take seven days, or, if the user wishes, 24

hours. 10 Unfortunately the reliable instruments are expensive; yet every
museum should have records for several principal locations. The machines
are apt to need some adjustment from time to time.

d. Dial Hygrometers can be used in closed areas such as display cases.

They are small, four to six inches in diameter, and therefore can be incon-
spicuously placed. Judging from experience with one or two makes, they do

not remain accurate over a long period. Therefore they should be checked
each time they are used. *

e. Humidity Indicators made of paper impregnated with a moisture sen-

sitive chemical (as compounds of cobalt) are very useful.^ In response to

variations in humidity, they change in color from a deep blue in dry air to
pink in moist air. These colors together with intermediate shades permit an

yA good instrument is the "Psychron" sold by Arthur H. Thomas.

The user should shop for this instrument to get one that suits the

particular situation in size and design as well as operation. A hygrothermo-
graph that can be recommended is one made by the Friez Instrument Division of

The Bendix Corporation, 1400 Taylor Avenue, Baltimore, Maryland 20204.

The Durotherm Hygrometer, National Scientific Company, 25200 Miles
Avenue, Cleveland, Ohio 44146.

1 9
"Humidicator," pHydrion Papers, comes in a spool of 1/2" wide, treated

paper. A short section can be torn off for exposure after which its color
can be matched to a calibrated color chart. Produced by Micro Essential
Laboratory, Brooklyn, New York 11210.
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approximation of the R.H. from 20% to 80%. They seem to be fairly long

lasting, although their responses become less exact. Of course, they must
be considered only in the nature of telltales, warning signals that condi-

tions may be getting out-of-hand. But they can give this information from
positions where more bulky devices cannot be placed--on an outside wall in

the shadow of a picture frame, in the corners of book shelves, within cases,
etc.

Non-airconditioned Museums

The curator of a non-airconditioned museum must solve many problems in addi-
tion to those already described for his more fortunate counterpart. Yet his
task need not be hopeless. The very construction of the building may be in

his favor. The thick walls, limited window spaces and high ceilings often
found in the older museums of the northern states are factors that could
contribute to the stability of the atmosphere. In some cases, the quality
of the air is at least partially controlled by being drawn into the building
at a single intake and passed through a cleansing water-curtain. Yet if the
structure is old, the curator must suspect that weaknesses have developed
making it far from weathertight. He must be prepared to find that some areas
are unusable unless they are renovated: drafty corridors, the attic with its

heat and dryness, the damp basement with dark and musty corners, the monumen-
tal stairway washed with high light levels from the skylighted roof. Repeat-
ed alterations over the years to partitions and utility lines may have
created a tangle which should be thoroughly resolved for safety's sake.

There are instances of buildings whose wiring and piping have become so con-
fused that no record remains by which their courses can be traced. The fight
for cleanliness and insulation from outside conditions will be of continual
concern. In fact, if a museum in an industrial city has not some system for
filtering and washing the air which is circulated through the rooms and if

its windows must be opened in warm weather, its suitability as a shelter,
especially for hygroscopic materials like paper, could be justifiably ques-
tioned.

Fortunately there are ways in which modifications can be made. The curator
should seek to condition as large an area as his museum can afford, and
should be de termined not to expose paper where there is no control. The
happiest solution could occur during a period of reconstruction when it would
be possible to achieve built-in air conditioning for a wing or for a section
of the building. Failing that, one or two rooms could be treated, closed off
by swinging doors on either side of a small vestibule which would serve as an
air-trap. Commercially available, there are compact, air conditioning
"packages" or self-contained units which the museum with a limited budget
might investigate. They are reported to be capable of filtering , cooling
or heating_jnixed air for a prescribed area and are designed for installation
without the necessity of expensive building alterations. J

l^For example, The Direct Multizone System mentioned by T. H. Garver in
"Control of Atmospheric Pollutants and Maintenance of Stable Climatic Condi-
tions," Museum Climatology , IIC London Conference (1967). The System is the
product of the Lennox Industries Inc., Marshalltown, Iowa 50158.
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However, before moisture of quantity unusual to any part of a building is

evaporated into the air, its effects upon the structural elements must be
carefully studied by an engineer who has been fully informed on the behavior
of the building during times of climatic extremes. Irremediable damage
could be done by condensation and freezing of moisture within the walls.
Vapor__barri£T s maY have to be erectedbelow the_ceiling and close to the

outside walls thus .forming a room within a room; in other words, forming the
"isolated area" so graphically described and advocated by E. J. Amdur in his
article, "Humidity Control— Isolating Area Plan." The ideas expressed in

this article should serve as valuable guides to planners of renovations or,

indeed, of new museum construction.

One of the most disturbing effects that occurs when the interior humidity is

kept at desirable levels in cold weather is condensation on windows. Yet
this result can be considerably lessened by the installation of double-paned
windows and, during the winter, of tightly fitting and sealed storm windows.
Single-paned windows are really not functional in cold climates because they
frequently frost over in winter even when the relative humidity of the inte-
rior is 20% or lower, far below the level required for most museum objects.
If storm sashes cannot be used, there may be some way of forming envelopes
of warm air over the windows as by channeling heat from floor radiators between
the glass and covering blinds or curtains. Should the natural light from the
windows be required, translucent curtains could be used, made of a material
like closely woven glass cloth, which could hold in sufficient warmth to re-
duce condensation.

Conditioning on a still smaller scale: In a room or gallery where air cur-

rents are not strong, that is to say, where the air changes at a relatively
slow rate, the use of movable humidifying or dehumidifying units might be
considered. ^ As many units would be installed as would keep the humidity
of the specific area near the proper amount. Provided the interior can be
protected against the intrusion of excessive dampness during long periods of

wet weather, the effectiveness of the units could be improved if the room is

furnished with hygroscopic materials—draperies , carpets, etc. --which could
take on or give off moisture as the humidity rose or fell. The machines
should be controlled by humidistats and, for ease of handling, be piped to

water supplies and drains. When selecting humidifiers, the evaporative type

^E. J. Amdur, "Humidity Control— Isolated Area Plan," Part II, Museum
News, Technical Supplement No. 6, Vol. 43, No. 4 (December, 1964). It is

interesting to note in this connection that the International Committee for

Museum Architecture under the chairmanship of L.F.J. Wijsenbeek has announced
that an article will be prepared for Museum , the quarterly published by Unesco,
on the conversion of old buildings to serve as museums. The article will de-
scribe installation of heat, light and air conditioning.

-'Some examples of humidifiers and dehumidif iers are the Kenmore machines
obtained at Sears Roebuck Company; the Walton Evaporative Humidifier and
Aqua-Sorber of the Walton Laboratories, Division of the Melnor Industries,
Moonachie, New Jersey 07074.
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should be chosen, such as that in which a large porous wick or pad, kept
continuously damp, is in the path of air from a rotating fan aimed to send

moisture out into the room. Because of its method of operation, this kind
of machine can use untreated tap water, without depositing films of the salts
contained in the water upon room surfaces. Cooling of the area could be
supplied during the summer months by window units. As is evident, this

manner of conditioning will not clean the air, so that the units are best
employed as supplementary devices in a building whose air is filtered and
washed.

If the curator has no way whatever of controlling the climate in the gallery,
except by winter heating, or if he finds that control is sometimes inad-

equate, he can resort to the closed frame or display case. Cases can be
engineered to hold a fixed climate over extended periods as described in a

basic article by Nathan Stolow." However, if such constructions seem too

elaborate for the routine exhibit of paper, standard museum cases and frames
can be made to be effective for shorter lengths of time. Enclosure alone
will stabilize the interior climate to a certain extent by reducing short-
lived extremes of temperature and humidity experienced by the room. If the
frame or case is made as tight as possible and if it contains a quantity of

hygroscopic materials (paper, paperboard, decorative covering cloths, etc.)
which have been conditioned before enclosure to the desired relative humid-
ity at an average temperature, the stability will be improved. Since neither
the case nor frame is constructed to be hermetically sealed, the enclosed air
will exchange slowly with the air of the room according to atmospheric pres-
sure and temperature changes, passing through the wood of the enframement,
through cracks and other small openings, through breaks in the sealants.

The temperature within the enclosure will be approximately that of the room
which therefore should be kept as even as possible night and day. There
should be no local heating or cooling of the enclosure as by lights within
the case or by placing either case or frame too near a source of heat or
against a cold outside wall. Strong display lighting must be avoided because
it causes serious fluctuations: high temperatures and lowered relative
humidities during the day and the reverse conditions at night. The thermal
expansion and contraction thus created would speed up the interchange of air,
the interior air moving out when heated by the lights and the room air moving
in when the lights are off.

If, then, the external and internal temperatures are kept fairly steady, the
relative humidity of the enclosure will be proportionately stable. It will
not reflect the short-lived changes of gallery humidity, yet will, over a
period of time, drift toward the gallery's average R.H. The "dunnage" effect
of the contents of the enclosure, that is, their ability to take on or give
off moisture in response to moderate charts in temperature will play a large

Nathan Stolow, "Fundamental Case Design for Humidity Sensitive Museum
Collections," Museum News , Technical Supplement No. 11, Vol. 44, No. 6

(February, 1966).
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part in stabilizing the inner climate and will prolong the drift of the R.H.
During the warm part of the year when central heating is not in use and room
temperatures are not easy to control, reliance for stability will shift even
more to the moisture absorbing ability of the contents. Secondary materials
can be deliberately chosen for their hygroscopic characteristics. A humid-
ity gauge or indicator should be placed within the enclosure to warn when
its climate is becoming undesirable for the conservation of paper. Because
paper should not be exposed to long periods of display, there are beneficial
aspects to methods of exhibit which require periodic dismounting. In the
following section, "Procedures," suggested ways of making tight frames and
cases will be given.

Whatever the conditions in the galleries, the paper curator must insist that
there be at his disposal at least one room, if not several, for work- and
storage-areas whose climate can be satisfactorily controlled. Such a place
is essential in a non-airconditioned museum. There the papers of value and
all secondary materials used in framing, matting and display can be kept
under proper conditions. Hopefully in these rooms, where the general public
does not come and possibly in a sheltered part of the building, control may
not be difficult.

THE EFFECTS ON PAPER OF HARMFUL FACTORS. SUGGESTED CONTROLS.

Dampness, Dryness and Heat

Dampness causes hygroscopic materials to swell and, if excessive, permits
mold to flourish within their structures. Dryness shrinks these materials
and embrittles paper, at least temporarily, so that dry papers cannot be

flexed without possible injury to the fibers. The damaging effects of these
two extremes can be prevented by the control of relative humidity. As has
been said, relative humidity in the environment is dependent upon the tem-

perature, and changes as the temperature changes. Under the usual circum-
stances, R.H. decreases as the temperature increases and vice versa. It is

not an easy factor to control throughout a room even with air conditioning,
because if there are local variations of temperature, corresponding differ-
ences of relative humidity accompany them. Cold surfaces, as outside walls,
make the layer of adjacent air hold relative humidities higher than that of
the room itself; conversely low R.H. can be created in such situations as

show cases heated by special lighting. Chimney walls of fireplaces can be
hot or cold making the relative humidity in the air near them vary from low

to high. This fluctuating condition is especially damaging to quickly re-

active materials because it "exercises" them by causing them to swell and
contract in response to the humidity changes.

Much has been written about the importance of relative humidity and its

control. Pertinent passages are quoted from an article by R. D. Buck .

1'R. D. Buck, "A Specification for Museum Airconditioning, " Part I,

Museum News , Technical Supplement No. 6, Vol. 43, No. 4 (1964), pp. 54, 56.
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"Hygroscopic materials have an everlasting affinity for moisture. Their
moisture contents vary, always seeking an equilibrium with the relative
humidity (RH) of the environment.... By controlling the relative humidity
of the museum atmosphere, we indirectly control the moisture content of all
the hygroscopic materials housed and retard their deterioration." Speaking
of the range of variations within a museum, he says, "Most damaging are the

long seasonal cycles that occur indoors in our temperate climate. .. the rela-
tive humidity in buildings without humidity control will range as high as

70 percent in the summer and dip to 10_or 15 percent in the winter^" He
also cautions, "If automatic control J_i_n an air-conditioned museum/ is shut
off overnight or over holidays, an intermediate cycle of humidity variation
is introduced. A period of twelve to forty-eight hours is sufficient to per-
mit a significant change in the moisture content of paper, fabric, parchment
and even wood. The range of these variations can be as much as 20-30 percent
RH.... The benefits of humidity control are not clearly observable in the
condition of a collection unless the seasonal range can be reduced to 20 per-
cent or less; that is, allowing a rise of 10 percent above an ideal specifi-
cation /which he has established as 55 percent RH/ during the summer, and a

drop of 10 percent below it during the winter. One may expect greater secu-

rity for the collection if the range can be further narrowed, but it appears
that many airconditioned museums find it difficult, if not impossible, to

restrict the annual humidity range to 20 percent." Mr. Buck specifies the
particular R.H. range best for paper to be between 40 and 60 percent.

Because of its great susceptibility to mold and other damages caused by high
humidity, paper is safest if its maintenance favors the drier end of the

range. High humidities can cause acid papers to be degraded by hydrolysis,
especially if the temperature is also high (and papers are acid more often
than not). Minute factors in the paper or on its surface can act as moisture
retainers, such as iron particles or mold spores or dust clusters. Should
localized dampness exist, it could be stimulated to mold growing levels if

the R.H. of the room were near 60%, whereas this chance would be less likely
if the general R.H. were around 407o. Paper is usually displayed in frames
hung against walls. Condensation of moisture can take place there if the

R.H. of the room is high and the temperature of the wall is low. For exam-
ple, if the general relative humidity is 557o at 75°F and the temperature of
the wall is 65°F, the relative humidity near the wall would be 75%. An ex-
treme example of this condition is a basement wall below ground level during
the summertime. If the walls have no thermal barriers, condensation can be
excessive, requiring that everything susceptible to dampness be moved away
from them and fans be positioned to keep the air near them in circulation.
For many reasons, it seems best to keep paper in a R.H. range between 40-50%,
or as close to it as other museum materials in the room permit: no higher
than 50% for paper's sake, no lower than 407o for the sake of its frequent
companion, wood.

Rapid changes in the surrounding R.H. occasioned by sudden changes in tem-
perature should be avoided, as when a framed paper, improperly packed, is

taken from a warm interior out into freezing weather. Even though moisture
adsorbing and desorbing materials may be present in the box when the so-called
"thermal shock" occurs, time is required for them to take effect, and in that
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time the precious paper could suffer. If a framed paper is to travel through
extremes of temperature, its box should be equipped to give it thermal pro-
tection, as with a lining membrane of Mylar and expanded polystyrene. Inside
the insulation, there should be conditioned, hygroscopic materials in suffi-
cient amount and of effective response to humidity changes in order to keep
the climate around the framed paper essentially stable. Fiberboard, cloth
felt and panels containing silica gel are some of the materials chosen for

their hygroscopic properties. When planning for the transportation of museum
objects, the design of the packing case for control of internal environment
is as important as its design for mechanical security. Both aspects have

and by Caroline K. Keck, published
Mrs. Keck in a valuable book-

let, Safeguarding Your Collection in Travel

been carefully studied by Nathan Stolow and by
by the former in a number of articles and bv
let, Safeguarding Your Collection in Travel.

Although the consequences of high humidities are known (that paper will suffer
irreversible damage from mold growth in relative humidities above 70%), the
percentage below which it will be permanently harmed has not been as clearly
defined. Carl J. Wessel^ suggests that the lowest moisture content safe for

paper may be considered to be that which is in equilibrium with 307o R.H.
Paper shrinks as it gives up its moisture, and, if restrained in this action
beyond its tolerance, will split or become seriously distorted. Its folding
endurance is low when it is too dry, so that, although papers that are not
handled may be able to recover from dry states without harm, papers which
have to be flexed, as do pages of books, may be injured.

Dry conditions are very often associated with heat, another harmful factor.

Heat causes brittleness and other symptoms of deterioration. Indeed it is

used in a standard test to simulate the effects of aging upon paper. It
speeds up processes of degradation, chemical and photochemical, acting in

conjunction with humidity, light, pollutants and biological agents. Tem-

peratures should be kept as low as possible, human comfort being the control-
ling consideration in a museum gallery. Above all, it should be kept uniform.

As Dr. Amdur says, "Good relative humidity control depends on good temperature
control". 21

1*%. Stolow. This author's bibliography should be consulted for his

complete writings on the subject. Beside the article already cited, there

are: "Some Studies on the Protection of Works of Art During Travel" in Recent

Advances in Conservation , Rome Conference IIC, London: Butterworths (1963);

"The Ideal Container and the Travel of Works of Art," Museum Registration
Methods , Washington, D.C : The A.A.M. and The Smithsonian Institution (1958).

Caroline K. Keck, Safeguarding Your Collection in Travel , Nashville:

American Association for State and Local History (1970).

20
Carl J. Wessel, "Environmental Factors Affecting the Permanence of

Library Materials," The Library Quarterly , Vol. 40, No. 1 (1970), p. 61.

21
Amdur, op. cit . , p. 61.
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Acidity

Acidity in paper is one of the principal reasons for its deterioration.
Acidity causes loss of strength by hydrolysis of the cellulose molecules, a

reaction which can eventually break up their long-chain polymeric structure
into unstable fractions. The reaction can be progressive, until, in time,

molecular scission becomes so general that the once flexible, strong paper
gets weak and brittle, allowing it to be torn even by the gentlest handling
and completely split by folding. Papers become acid from a number of dif-

ferent causes of which probably the most serious is that already described,
acids derived from polluted atmosphere. It has been demonstrated with what
surprising rapidity paper is affected by airborne acids, especially if heat
and moisture are present. Other causes can be intrinsic to the original
materials: acid-inducing iron or copper particles embedded in the fibers
from manufacture; residues of bleaches; impurities such as are found in the
non-cellulosic content of wood pulp; acid sizings like alum-hardened gelatin,
and its more modern successor, alum-rosin sizing; acid inks, especially iron
gall inks. So general is the tendency of paper to become acid, that it seems
to be a normal part of its aging. Occasionally papers are found which have
remained nearly neutral over long periods of time. They are papers free of

impurities from the start, sheltered from air and light as in the depths of
cared-for books, or containing in their compositions (probably by good chance
rather than design) an acid-buffering compound like calcium or magnesium
carbonate.

As is well known, the most seriously affected papers are those that have been
made since 1860 or 1870 until the present day containing unpurified wood pulp
and alum-rosin sizing. Pages of these materials have become so fragile that
many books are already unusable, and librarians anticipate that the funds
needed for conservation soon will exceed those for acquisition. Some museum
holdings are on such stock. Modern artists in their delight with immediate
effects often show a carefree distain for the toll time exacts from straw-
board, newsprint, and fancy papers intended to last but a short while. Late
19th century artists were more interested in permanence for their major works,
but their lowly sketches, so valued now, were frequently done on thin stock
of poor quality. Fortunately, however, many "art" papers (watercolor, draw-
ing, printing and the like) continued to be made at least partly of rag con-
tent and eventually of purified wood fibers. They did not escape acid sizing
but, probably because of their thickness and density, they seem to be in less
serious condition generally speaking than book papers.

Another major cause of acidity in papers of value is close association with
acid secondary materials: pastes and mounting papers, cardboards containing
ground wood pulp or acid sizing, unsurfaced wooden backings, unstable plastic
sheeting, etc. Acidity migrates from one material to another, especially
when in close and prolonged contact as in a mount or frame.

For some time it has been realized that an acid paper cannot have a long life
expectancy unless it is neutralized and buffered, and that the best way to

^The treatment concerned is conventionally called "deacidification". At
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accomplish the purpose is to introduce into the paper an alkaline substance
in large enough quantity to both neutralize the present acidity and leave a

sufficient, active remainder to counteract acid for an extended period. The
substance, of course, must be benign to cellulose, all other paper components
and to design materials. A number of chemical agents have been tried more or

less successfully. Among them are the hydroxides of some of the alkaline
earth metals, specifically the hydroxides of calcium, magnesium and barium.
They are alkaline enough to neutralize the amount of acidity found in paper,
yet, when exposed to the carbon dioxide of the air, change to nearly neutral
carbonates. In this form, they can reside in the paper and protect it until
their effectiveness against acid becomes exhausted. Much credit is due to

the late W. J. Barrow for developing practical ways of using these compounds,
and his methods are still perhaps the most widely employed. However, they
require the use of water solutions and consequently can be hazardous to paper
and can involve lengthy processing, as in the treatment of many papers or

books. In order to offset the difficulties encountered with aqueous tech-
niques, other innovators, notably A. D. Baynes-Cope and Richard D. Smith,
have designed systems that use nonaqueous solvents. Still others, as W. H.

Langwell, have investigated the use of gaseous alkalis, establishing the so-

called vapor phase methods.

Thus a number of different deacidification treatments have been evolved.
Unfortunately, however, their general application has been questioned. Con-
servators and scientists alike fear that the indiscriminate use of any one
of the methods would be harmful whether because of risk to the object or to

the operator or, in some cases, to both. The scientist is also concerned
that the operator be able to determine technically when to treat a paper and
be able to estimate the duration of the effects of the treatment by some
measure of the buffering residue.

It is agreed that neutralization and buffering are requirements if acid papers
are to be helped. The way in which the work is to be done remains controver-
sial. The best known of the methods have been published in descriptive detail,
so that there should be no mystery about their composition or how they are
applied. " j^ may b e f va lue to the curator to present to him a list of

a recent conference at the Institute of Paper Chemistry, a decision was made
to call it "neutralization and buffering" in order to make the terminology
more descriptive of the process.

JThe methods involved in this discussion are: The Barrow two-bath
treatment, see W. J. Barrow, The Barrow Method of Restoring Deteriorated
Documents , Richmond, Virginia (1965), pp. 6-7; the Barrow spray treatment,
W. J. Barrow, "Spray Deacidif ication, " Permanence/Durability of the Book III ,

Richmond, Virginia (1969), p. 15; the barium hydroxide-carbonate treatment
of Baynes-Cope, see A. D. Baynes-Cope, "The Nonaqueous Deacidif ication of

Documents," Restaurator , Vol. I, No. 1 (1969), p. 209; the magnesium hydroxide-
carbonate treatment of Richard Smith, see R. D. Smith, "New Approaches to

Preservation," The Library Quarterly , Vol. 40, No. 1 (1970), pp. 149-151, 159,
also Cunha, op. cit . , pp. 383-384; vapor-phase deacidif ication, see W. H.
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24
some of the reasons which have caused uneasiness concerning their use.

1. Toxicity to the operator and to the subsequent handler of the treated

paper: cyclohexylamine carbonate (used in a V.P.D. method) and barium car-

bonate (used in a nonaqueous method).

2. Toxicity to the operator, if he does the work without proper ventila-

tion, a fumehood is best; but lacking that, a face mask with chemical filter

should be used and a fan to blow away the fumes.

3. Alkalinity too strong for the safety of the object: the actual

immersion in a hydroxide solution (the calcium hydroxide bath of the Barrow

two-bath method), and the initial results of the nonaqueous methods.

a. As far as this possible injury by alkalinity to cellulose is

concerned, there is disagreement among the scientists. Some believe that a

fragile paper cannot sustain even moderately high alkalinity. Some say that

the day or two during which the agents remain hydroxides before changing to

neutral carbonates is too short a time to be harmful; also that the time

could be reduced to an hour or so by exposing the treated paper to a moist
carbon dioxide atmosphere. Some say that cellulose may have an alkaline
limit, not yet known, which should not be exceeded even for a little while.

Still others: the crucial factor is the particular source of alkalinity.

If it swells cellulose, as do lithium, potassium and sodium hydroxides, it

is injurious; if it does not swell cellulose, as calcium and magnesium
hydroxide do not, no harm will follow to cellulose.

b. Some papers, especially those containing ligneous wood pulp

have been found to darken after nonaqueous treatment. The scientists

Langwell, "The Vapour Phase Deacidification of Books and Documents," Journal
of the Society of Archivists , Vol. 3, No. 3 (1966), p. 137. All methods are
described by John C. Williams in "Chemistry of the Deacidication of Paper,"
Bulletin of the IIC-AG, Vol. 12, No. 1, pp. 16-32.

For help in this discussion, as well as other scientific matters
abstruse to the writer, thanks are due to a number of scientists who lent a

kindly ear and did their best to answer questions both written and oral.

(Italians would describe these chemists as simpatici . ) Some of them are:

Forrestier Walker of The Barrow Research Laboratory; Donald K. Sebera of The

Coopers town Graduate Programs; Bertie L. Browning, Edgar E. Dickey and T.

Alfred Howells of The Institute of Paper Chemistry; George B. Kelly, Jr. and
John C. Williams of The Library of Congress; Robert L. Feller of the Mellon
Institute; Robert M. Organ of The Smithsonian Institution; and the ever-
patient, understanding Victor F. Hanson and George J. Reilly of The Winter-
thur Museum.

^Especially noticed after treatment with a proprietary formula contain-
ing magnesium methoxide, produced by the Wei T'o Associates, Inc., 5029 22nd
Ave., N.E., Seattle, Washington 98105. Recently the formula was changed to
offset this result, which could be caused by the fact that magnesium methoxide
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generally concur in thinking that the color change is a superficial effect
and not an indication of damage to the structure of the paper. To the con-
servator, nevertheless, the alteration is to be avoided because the aesthetic
intention of the artist could be injured.

c. Some pigments and dyes in watercolors and inks are faded or

changed in color by alkalinity. The most prevalent of these is Prussian blue.

Some of the newer inks and sizes can be soluble in methyl al-

cohol

4. The paper not sufficiently buffered against future acid attacks
because the technique has not introduced enough agent into the substrate
(the aqueous methods).

5. Uneven spread or penetration of the agent in the paper causing areas
only temporarily affected by the treatment: "all nonbath methods". There is

general agreement that this condition may do no harm, but that the paper is

not as benefitted as it would be by an even coverage.

Paper chemists in this country and abroad are currently investigating the
problem, and answers could be forthcoming. New methods soon may be found,
or some of those now in existence may be more widely accepted if their
limitations are clearly defined. Because the quantity of papers which needs
treatment is so vast, the methods finally accepted must be ones which the

nonscientist--conservator , curator, librarian, technician, etc. --can execute
confidently.

At the moment, the best advice to a museum curator seems to be to postpone
any home treatment with a deacidifying agent in the hope that present un-

certainties may be resolved before long. However, there could be in his
museum's collection a number of papers whose mildly acid condition and whose
discolored appearance could be improved by being bathed in distilled or de-
ionized water. The curator may understandably consider that this treatment
is unwise, or that he is not equipped for it; on the other hand, it may be
his opinion that the improvement, particularly in appearance, would justify
the attempt. Bathing will remove the water-soluble acids and with them some
of the discoloration. Although it may not neutralize the paper, it will
make it less acid, thus turning back the clock even if a little way. It

leaves no buffer, of course, so that the paper will become acid again. But

the return to acidity may be appreciably slowed if the treated paper is housed
in a neutral environment. Often old papers seem to be rejuvenated by bathing,
probably because the fibers and sizing are swelled and activated slightly to

reestablish a more firmly locked and intermeshed formation. Water immersion
comes perilously close to major treatment because paper and many of the design

reacts quickly with the moisture content of the paper and tends to gel on the

surface, drawing there the dark products of deterioration. If the paper were
dried before treatment, both the gelling and darkening effects might be further
reduced

.
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materials can be seriousLy damaged by wetting. The resultant injury couJd
be far worse than the acidity. Therefore it is important that the curator

stay away from trouble and restrict his attention to those objects which he

has determined by examination and tests to be able to withstand immersion.

In the subsequent section, "Procedures", a technique for water bathing is

described and also a list is given of some papers and design materials which,

it is suggested, a curator should not treat.

The curator should have some means of assessing the acid-alkaline conditions

of the papers of value that come under his control, in order to know whether
or not they are in need of neutralization and buffering. Those that are

approximately neutral, usually of good color and resiliency, should be safe

for a considerable time. Some high quality, modern "art" papers, although
they may test to be acid, are bright and flexible. Manufacturers claim that

they are well within the safety limits and have a long life expectancy. If

this is true, the apparent acidity must be the result of a component within
the structure against which deacidification may not be effective. Therefore,
no treatment is needed, at least not until the condition of the papers calls

for it. Papers found to be mildly acid can wait or be treated as described
above. They often have turned slightly yellow especially near edges or along
folds. Very acid papers should be sent to an experienced conservator who may
be equipped to choose between several methods, if deacidif ication is possible
at all. There are some papers—brittle, friable and usually discolored--
whose cellulose molecules are already so reduced that acidity probably can do

no more harm. Major treatment often is required in these cases, but deacid-
ification should be omitted because alkalinity, even of short duration, could
hasten the destruction of badly oxidized papers.

The commercially available acid-base indicators are recommended for these
assessments in preference to the laboratory instrument, the pH meter, which
requires fairly exacting techniques to arrive at answers more precise than
than the curator wants. Indicators are compounds which change colors by
chemical reaction when near specific degrees of acidity or alkalinity. They
are easy to use and quite accurate enough to tell if a material is strongly
or mildly acid, neutral, or mildly or strongly alkaline. There are two forms
of the indicators which are required for the curator's purposes: papers im-

pregnated with the compounds which permit the determination of the pH of bath
water, pastes and other solutions; and liquids for use on papers and matboards
The former comes in tapes wound on dispensing spools, and can be either a

paper impregnated with a mixture of several indicators to cover a broad pH
range, as from 1.0 - 12.0, or a set of shorter range papers each of which

2oThe concentration of the hydrogen ion is a measure of the acidity or
alkalinity of a water solution. The pH (potential of hydrogen) of a solution
is its concentration of the hydrogen ion expressed in terms of the concentra-
tion's negative logarithm. pH 7.0 is approximately neutral, values from 7.0
to indicate increasing acidity and those from 7.0 to 14 increasing alkalin-
ity. The ideal pH for paper is neutral, pH 7.0, but there is a range around
neutrality accepted as safe from 6.5 to 8.5.
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covers about three pH divisions. The shorter range papers in a set covering

the pertinent values has been found the more satisfactory. ' After a piece

of an indicator tape has been dipped into the solution to be tested and a

moment allowed for the change, the pH of the solution is found by matching

the changed color to a calibrated chart.

The liquid indicators are chosen because their color change occurs at desired

points in the pH scale. Many conservators use a convenient device called the

Archivists Pen^S whose felt tip is kept saturated from a reservoir in the

pen's shaft with the pH indicator, bromocresol green. However, bromocresol
green changes color at pH 5.2, or well below neutral. Since the pH scale is

logarithmic, 5.2 is very acid, and thus an undesirable range from 5.2 to 6.5

is not detected by this liquid. A better indicator would seem to be chloro-
phenol red which changes color just at the acceptable range, at 6.6. It

turns a nondescript tone between 6.0 and 6.6, while below 6.0, it becomes a

decided yellow. Near neutral it is red or reddish blue and in the alkaline
zone, it remains a bright purple. Because high alkalinity (above 8.5) also
is to be avoided; the operator should have a liquid indicator informative in

this region, such as phenolphthalein which changes from colorless to pink
at pH 8.3, or a proprietary liquid which covers this range. It must be kept
in mind that liquid indicators act as dyes whose stains can be removed only
by bleaching, so that their use on valuable papers must be very restricted.
If a secondary paper is present which has been in long contact, a test on it
may give a close approximation of the pH of the primary paper. However,
working under magnification, tiny touches of the solution to edge fibers at

spots where the application will be completely inconspicuous may supply the
needed information.

Another kind of paper indicator is the "Spezial Indikator" strip, composed
of one, two or three small rectangles of paper, each impregnated with a

slightly different indicator mixture, adhered to the end of a plastic stick.

The dual or triple response makes the pH reading quite precise. Like the pH
tapes, the strips come in broad or narrow ranges. Their advantage is that
the dyes are locked, so that they will not bleed onto the contacting surfaces,

^'pHydrion Papers, short range acid-base indicators, obtainable from
chemical supply houses, as Arthur H. Thomas Company (see "Sources"), or from
the manufacturer, The Micro Essential Laboratory, Brooklyn, New York 11210.

Fisher Scientific Company carries The Short Range Alkacid Tapes, a set of six
tapes one of which has a broad range.

28xhe Archivists Pen is obtainable from Talas, Technical Library Service
(see "Sources") or many stationery and art supply shops.

29Phenolphthalein can be obtained at chemical supply houses. A propri-

etary liquid is the Harleco Wide Range Indicator Solution obtainable from

The Process Materials Corporation, Arthur H. Thomas Company and other sci-

entific companies.

Made by E. Merck of Darmstadt, Germany, obtainable from the E. M.

Laboratories, Executive Boulevard, Elmsford, New York 10523.
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as can happen with other indicators. Therefore, they can be used not only
to test solutions but also papers, even papers of value. It has been found
that if the head of a strip is pressed for two minutes or so into a spot on
the paper which has been wet with a drop of water, its color change will
indicate the pH of the paper with a fair amount of accuracy. Justifiably,
an operator may not want to impress a strip into a wet spot on an important
paper. However, the Indikators are of great benefit in assessing the pH of

colored papers. Naturally, the response of a liquid indicator will be un-

readably distorted if the paper being tested has a strong tone.

A major use of indicator solutions is to permit judgment of the quality of

secondary materials which are, or will be, placed in contact with papers of

value. Since the housing should be as nearly neutral as possible, it is a

good policy to first obtain samples of the stocks from which supplies are to

be bought in order to test them before purchase. An indispensable kit pre-
3 9pared under the control of the W. J. Barrow Research Laboratory-'^ is designed

to be of help in making these judgments. It contains three color change
solutions: one, phloroglucinol , detects the presence of ground wood; another,
aluminon, detects alum and the third is chlorophenol red, the pH indicator.
With the kit must be obtained the explanatory booklet, "Spot Testing for Un-
stable Modern Book and Research Papers," The Permanence/Durability of the

Book VI . As well as avoiding materials already acid, one would refuse to
buy any papers or matboards containing ground wood or alum. The first has
lignin which discolors and hastens destruction by acid embrittlement ; the
second, aluminum sulfate, is itself acid and, in modern papers, is a signal
that rosin (impure abietic acid) is also present in the sizing. The curator
must insist that the mounting board he selects be neutral as well as of all-
rag content. There has been a persistent belief that rag fibered cardboard
is a faultless matting material. Certainly it is very good, better in
strength, texture, color and working properties than any comparable material.
But its pH values can vary, sometimes testing as low as 5.0, probably because
of the sizing. Now, fortunately, the curator need no longer find himself in
a quandry concerning it. A number of manufacturers are presently making ex-
cellent boards that are acid-free by using synthetic resin sizings which re-
main neutral. There are even some ragboards which contain in their composi-
tions calcium carbonate, a buffering agent, to give them a pH near 8.0.

31a suggestion made by Donald K. Sebera of the Cooperstown Graduate
Program.

J The kit is obtainable from the Applied Science Laboratories, Inc.,
218 North Adams Street, Richmond, Virginia 23220.

33 The booklet is the sixth and last in the series on Permanence/Durabil -

ity of the Book by W. J. Barrow. It can be obtained from The W. J. Barrow
Research Laboratory, 428 North Boulevard, Richmond, Virginia 23221.

Andrew/Nelson/Whitehead produces: a) "W & A All-rag Mounting Board,"
cream white, 2- and 4-ply, 22" x 32", 30" x 40"; and b) "Gemini Rag Board,"
100% cotton, white, with buffer, 4-ply, 22" x 32", 40" x 60", and 42" x 84".

Charles T. Bainbridge Sons produces "All-rag Museum Mounting Board",
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Another kind of matboard, less expensive than all-rag, has recently been
introduced. It is manufactured according to some of the specifications
established by W. J. Barrow for permanent/durable paper: chemically puri-
fied wood fibers of high alpha cellulose content, neutral sizing and the
inclusion of a buffering agent. Its physical properties do not seem as

attractive as those of all-rag: the surface seems harder and less easy to

draw, paint or erase upon; it is less stiff and warps more readily; probably
its long-term endurance may not equal that of neutral all-rag. However, it
could be a very acceptable material for the more temporary uses, as the
mounting of display photographs or reproductions, backing boards in framing,
etc.

"Permalife" papers, also made according to Barrow's formula, available in
different weights and types of paper--bond, ledger, text, cover and Bristol--
are of great value in furnishing neutral housings for important papers.
Their uses will be described in the matting, framing and storage paragraphs
of "Procedures".

Methods of prevention are the best weapons against acidity from external
sources. As has been stated, a curator should be confident that the spaces
used for paper exhibition and storage are free from gaseous pollution and
dust. Second only to the protection of the work of art is the protection of

the mats to which it is attached. They also should be guarded from unclean
contact. It is all too common to find evidence of careless disregard of

mats, causing them to be needlessly soiled, thus forcing replacement, and,

if attachment is involved, the unnecessary rehandling of the important paper.

In exhibition, there are three rules of thumb that should be met in all man-
ners of display: a) the reverse of the mat should be protected from contact
with unclean surfaces, as by covering it with a backing sheet of acid-free
paper; b) if the picture is glazed, there should be a spacer separating the

work of art from the glazing material; c) the edges of the housing should be

ivory and white, 2-, 4- and 8-ply, 22" x 32", 32" x 40" and 42" x 60".

The Process Materials Corporation is distributing a handsome matboard
called "Old Dutch Mounting Board, off-white, tests neutral but has no buffer,
2-, 4-, 6- and 8-ply (or 22, 44, 66 and 88 points), 25 1/2" x 39 1/4". They
produce "Museum Mounting Board", 100% cotton, buffered, 2- and 4-ply.

The addresses of the companies mentioned above can be found under
"Sources".

Olin Duff, Inc., 465r Cambridge Street, Boston, Massachusetts 02134, is

another source of good quality ragboard which has tested to be neutral, off-

white, 2- and 4-ply, 32" x 40"; also 8-ply, but this has been found to be

somewhat acid.

3 5
"Permalife Museum Mounting Board", off-white, 4-ply, 22" x 32" and

32" x 40", buffered to have a pH of 8.5, distributed by The Hollinger Cor-

poration (see "Sources").
"Conservation Mounting Board", white and ivory, buffered, 2- and 4-ply,

produced by the Process Materials Corporation.

36>"Permalife" papers are mac} e by The Standard Paper Manufacturing Company
of Richmond, Virginia, and are obtainable from The Hollinger Corporation.
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sealed against the infiltration of soot and dust. With ingenuity, these
requirements need not injure the desired effects of display. For example, a

common method of temporary exhibition is an arrangement of unframed but mat-
ted and glazed pictures held against the wall with brackets or angle hooks.

The appearance of the show would not be altered, while greater safety would
be achieved, by the use of backing papers and edge bindings of transparent
plastic tape. 3'

Matting and framing should be reviewed as soon as possible after papers enter
the collection. No paper should be allowed to remain long in dusty, unsealed
frames or associated with inferior materials. If time prevents rematting
immediately after a paper has been removed from old mountings, folders made
of acid-free stock will keep it safe in storage until fresh mounting can be

accomplished. Most museums practice two kinds of framing: permanent and
temporary. In the first, the papers, often the most valuable holdings, are
closed in frames that are considered particularly suitable to them whether
because of elegance, design or provenance. Unfortunately these frames are
seldom opened. For the second, papers are mounted in mats of standard sizes
which fit matching frames so that the same frame can be used for any number
of pictures. Actually no framing, short of hermetically sealed and monitored
enclosures, should be considered "permanent", but should be opened period-
ically for inspection. Harmful conditions can develop in closed frames and
grow in severity with time. Acid pollutants can seep in, relative humidities
can become too high or too low; materials can deteriorate, adhesives can fail,
insects can intrude, etc. The most salutary life for a picture on paper is

that which temporary framing can offer. As a museum object, it must spend
some time on exhibit; yet its life would be prolonged if it could remain at
least twice that time in the cleanliness of storage. That is, one- third of
its year could be on show, two-thirds at rest.

Light

A clear and concise discussion on light, its effects and its control by the
museum curator is the excellent article by Robert L. Feller, "Control of the
Deteriorating Effects of Light Upon Museum Objects".

All other factors being equal, paper seems to live best in darkness. This
may be one of the reasons why many old papers have come down to us in reason-
ably good condition. Until comparatively recent times, collections were often
kept in books or portfolios, drawers or cabinets, and only occasionally
brought into the light for viewing. Today, the all too frequent practice is

very different. Papers are hung on bright walls for indefinite, undisturbed

37
'A good tape for this particular purpose because it has the same gloss

as glass or rigid plastic is J-Lar 910 made by Permacel, U.S. Highway 1, New
Brunswick, New Jersey 08903.

3°In Museum, a quarterly published by Unesco, Vol. XVII, No. 2 (1964),
pp. 70-98.
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periods, exposed to full light at uncontrolled levels.

Strong light can be responsible for photochemical changes or can cause photo-
sensitized reactions in many organic materials found in museums. It embrit-
tles and weakens paper by causing the breakdown of the cellulose molecule,
assisted in the destruction by oxygen in the air, by high relative humidities
and temperatures, as well as by air pollutants and impurities in the paper's
structure. Whether or not discoloration also results may depend upon factors
like the constituents of the paper. For example, pure cellulose bleaches in
light, whereas lignified cellulose becomes yellow. The same light that can
harm paper also can cause the fading of many design materials, such as dyes
in paints, pastels, crayons and inks.

Light is the radiant energy to which the human eye is sensitive, an extremely
small part of the electromagnetic spectrum, covering wavelengths that measure
from about 420 millimicrons to 760. The part of the spectrum that is present
in building interiors extends on either side of visible light from the short-
er wavelengths (or higher frequencies) of near ultraviolet to the longer wave-
lengths (or lower frequencies) of near infrared, 360 to 1000 millimicrons.
Most harmful to sensitive objects are the higher frequencies from ultraviolet
through the violet and blue of the visible light. But even when this range
is excluded, light can be damaging, the amount of damage done depending on

its intensity and the length of time of exposure. Dr. Feller expresses this

reciprocity principle when he says, "...1,000 lux (10 lux equals 1 foot-

candle) of radiation for 1 hour is expected to do as much damage as 10 lux

for 100 hours, because the total exposure is 1,000 lux hours. "Jy To quote
Dr. Nathan Stolow, "...the extent of photochemical damage will be reduced in
direct proportion to the reduction of the intensity of illumination or the

time of exposure—no matter what the light source." All scientists con-
cerned with the effects of light on museum objects urge that photosensitive
materials like paper 1) be shown in very low light intensities and 2) not be
placed on long exhibit.

Five foot-candles has been suggested repeatedly as the highest light level
for paper exposure. This light will seem dim on first consideration; and in-

deed it may be hard to maintain in some situations. It should be aimed for,

however, and should not be exceeded by more than five foot-candles. Probably
more than any other restriction, the limitations of light may be frustrating
to the curator. To have a beautiful object and to be unable to show it to

its best advantage, to realize that soft watercolors or delicate line draw-
ings may be too obscured by the required light levels for true appreciation,
could tempt him to take chances. Rather, the determined curator will accept
it as a challenge to his ingenuity and know-how to find ways of satisfac-
torily exhibiting paper with the least harmful exposure.

39Feller, op. cit . , p. 88.

^°N. Stolow, "The Action of Environment on Museum Objects," Part II,

"Light," in Curator , Vol. 9, No. 4 (1966), p. 302.
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There are three sources of light within buildings: daylight from windows or
skylights and artificial lighting by fluorescent tubes and by incandescent
lamps, all of which can be used as direct, diffused or reflected light, fil-

tered or unfiltered. Daylight as transmitted by window glass not only con-

tains near ultraviolet radiation, but its levels can be excessively high, so

that should it fall on an unshielded paper, it could do perceptible harm in

a short time. Therefore, museums have found it beneficial to cover openings
to daylight with filters or reflectors, or, if circumstances make this proce-
dure unfeasible, to protect photosensitive materials in filtered display
cases. Even frames can be glazed with filters, especially if the objects are
to be sent away into unknown lighting conditions. But, because filters are
apt to be distorting to color and the nearer they are to objects, the more
apparent the distortion can be, their use in frames for works of art will not
be generally desirable. A viewer probably would not be aware that the light
in a gallery enters through slightly tinted glazing, whereas he might be
conscious of the interference if the filter were nearly adjacent to the ob-

ject he was studying.

For protection against ultraviolet radiation, the most practical material
probably is the U.V. absorbing rigid plastic sheet, such as the nearly color-
less Plexiglas UF-1 or, better still, the slightly yellow Plexiglas UF-3.
The first screens out almost all ultraviolet, the second even some of the

violet and blue region of visible light. They are available in different
thicknesses; the thicker appropriate for use at windows and skylights, the
thinner and consequently comparatively inconspicuous, for show cases. There
are flexible U.V. absorbing plastic sheetings, like W-2 Weatherable Mylar,
which could serve many temporary or secondary purposes. They are not suit-
able for permanent installation and their yellowish tone make them poor
filters for use in the display of works of art. U.V. absorbers obtainable
in powder form, such as the benzophenones and the benzotriazoles , can be
dissolved in synthetic resin varnishes and painted or sprayed on glass. One
or two proprietary varnishes of this type have been made, but have not
proven very successful. Apparently it is difficult to prepare large areas
of glass for good bonding and to apply the varnish in an even layer thick
enough to be effective.

To reduce the intensity of daylight through windows, a number of shielding
methods have been devised. Recently a lot of attention has been drawn to
the modification of glass for the purpose. Filters are achieved by tinted

^'Rohm & Haas, Independence Mall West, Philadelphia, Pennsylvania 19105,
or any local dealer in glass and plastics.

Weatherable Mylar comes in different thicknesses: from 1 to 7 1/2
mils. Martin Processing Company, Martinsville, Virginia 24112.

43The Geigy Chemical Corporation, P. 0. Box 430, Yonkers , New York, for
example, produced a material called "Tinuvin".
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44glass, reflectors by glass which has been surfaced with a thin, transparent
coating of metal. ^-) The former is usually some shade of grey; the latter,

which has a mirror-like aspect on the outside, comes in several metallic
tones. Glasses of all kinds, including tinted and double, can be coated,

thus fulfilling more than one function. For instance, it is found that they
are of considerable help in the control of temperature within a building.
Glass already in place can be made light reflecting by the application of

films of flexible plastic which have been coated with metal. Only about
18% of daylight is transmitted into the interior through these coatings.
Because of their color or shiny metallic surfaces, the installation of the

glasses has a decided affect upon the exterior appearance of a building. In

some modern museums, they are dominant parts of the architectural design.

If daylight cannot be otherwise controlled, opaque covers or curtains could
be used to exclude it altogether during an exhibition of pictures on paper,
and reliance be placed on the more easily regulated artificial lighting.
For the safety of photosensitive objects, however, the light rays from both
fluorescent and. incandescent lamps have to be restricted in wavelengths and
intensities

.

Whether direct or diffused, light from fluorescent tubes is very satisfactory
for even, general i Illumination, and its color can be adjusted by the use of

tubes selected for their color temperatures. The very nature of this kind
of lighting involves the emission of ultraviolet radiation. Some tubes give
off more U.V. than others depending upon their color; but none should be
used as unshielded light sources in a museum gallery. Fortunately there are
several kinds of proprietary plastic covers or "sJLeeves" containing U.V. ab-

sorbjS£-6-„ which are designed to fit over the tubes. / The sleeves, like all
other flexible plastic filters, have an effective lifetime estimated to be
from seven to ten years. Even more advantageous are tubes which have U.V.
absorbent coatings of titanium dioxide incorporated within their glass shells.
If this kind of lamp is also covered by the filtering sleeves, confident pro-
tection against ultraviolet can be achieved. As a quite different solution
to this part of the lighting problem, curators may be able to put to use the
fact that light, whatever its source, reflected from a painted surface

48

^"Solargray" by Pittsburgh Plate Glass Industries; "Lustragray" by The
American Glass Company.

Pittsburgh Plate Glass Industries. See "What's New in Glass" by Donald
C. Hegnes , Museum News , Vol. 51, No. 1 (September, 1972), pp. 23-25.

Scotchtint Solar Control Film by the 3M Company, St. Paul, Minnesota,
56101.

47
Solar-Screen Company, 1032 Whitestone Parkway, Whitestone, New York

11357; Westlake Plastic Company, West Lenni Road, Lenni Mills, Pa. 19052.

A O
"Color Guard" manufactured by the Duro-Test Corporation, North Bergen,

New Jersey.
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containing zinc white or titanium oxide has been found to be free of U.V.

radiation.

Incandescent lamps give off little or no wavelengths in the ultraviolet and

even have low percentages in the visible blue region. Their faults lie in

the emission of infrared which can generate heat in the lighted objects; and

in the high intensities with which they sometimes are used as spotlights.

If they have to be direct light sources, they must be placed at sufficient
distances and/or be of low enough voltage to avoid injury to substances like

paper. Infrared reflecting glasses can be placed between the light and the

object. Of great value are the lamps which, by means of built-in dichroic

filters, reflect I.R. rays and permit only visible rays to pass into the

light beam. The PAR (parabolic aluminized reflector) bulbs are examples
of such lamps.

A survey of the exhibition spaces, preferably when at their brightest, could

be made by a lighting engineer, and his knowledge of the field used to

correct any unsatisfactory condition in the general illumination of each

room. For particular arrangements, the curator should have a reliable meter
with which to measure the light levels that strike the objects on display.
An instrument designed for the purpose would be best, such as a photometer.
However, photographer's meters of good quality can be used for the purpose,
their dial readings converted into foot-candles by factors supplied by the

manufacturers. For assurance that safe limits are not exceeded, the cura-
tor's meter could be checked against a photometer and the position of the

needle could be marked which corresponds to the highest proper light level
for paper. Measuring intensities is not a simple procedure, especially for

three-dimensional objects when the waverings of the needle in response to

light from complex surfaces can be confusing. For two-dimensional objects,
the problem is not so great. If a photographer's "pure white" or "neutral
test" card is placed in the position to be occupied by a paper, and the max-
imum reading taken by a meter rotated reasonably close to it at an angle to

receive the reflected light of the strongest light source, a good estimate

^Westinghouse 150 or 75 PAR, Westinghouse Lamp Division, Bloomfield,
New Jersey; General Electric "Cool Beam".

UV-visible photometer, IL 200, made by The International Light, Inc.,
Dexter Industrial Green, Newburyport, Mass. 01950. The instrument can be
equipped with two sensors, one to measure the visible light levels, the other
to measure radiation in the near ultraviolet range. An instrument for the
detection of U.V. only is the portable, self-contained unit, Elsec U.V.
Monitor Type 678, made by The Littlemore Scientific Engineering Company,
Railway Lane, Littlemore, Oxford, England.

Weston Model No. 4, for example, can give approximate readings in foot-
candles if its indications are multiplied by a factor of 4. Gossen's Luna Pro
is an excellent meter which has the translations of its scale divisions into
approximate foot-candles printed on the casing. Another meter with transla-
tions into foot-candles is the Sekonig Model L-28C, obtainable from Konematsu
New York, Inc., Photography Dept., Whitehall Street, New York, New York 10004.
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can be formed of the intensity in which the valuable paper is to be placed.

It is difficult to know how the colored dyes of any particular paints and
inks will react to exposure to light even for moderate exhibition periods.

A valuable check is a matching procedure using the removable swatches of the

comprehensive color charts in the Munsell Book of Color . Before a colored
print or watercolor is put on exhibit or sent off on loan, a record is made
of some of the tones most likely to fade. The picture is designed as being
highly light sensitive should an alteration be noticed after it has been ex-

posed, in order to prevent a similar exposure in the future.

There are several display procedures which are worth consideration. One of

the most valuable is based on the adaptability of the eye to light levels.

If the general lighting of the room is kept low and fairly uniform without
spots of brightness, and if the eye has been conditioned by lowish levels in

the preceding rooms, an intensity of 5 foot-candles will furnish sufficient
illumination for the general visitor. Furthermore, objects seem bright if

lighted somewhat higher than the surroundings, although actually sustaining
low light levels. Another interesting fact is that at low levels, warm light

apparently seems more natural to people than cool, and therefore a more
acceptable light for viewing museum objects. It has been noticed by some
museums that when warm light is kept low, there are fewer complaints about
dimness than are received if cool light is used at the same levels.

The length of time of exposure to light can be controlled in a number of ways
now long in practice by museums that own precious light-sensitive papers and
cloths. No such object is put on constant display, the duration of its ex-

posure being reduced according to its value and its degree of sensitivity.
Very valuable and fragile things are shown only a few weeks out of the year,
as precious scrolls in Japan and garments at The Megropolitan Museum of Art.
Sometimes the most cherished are represented by reproductions and the orig-
inals shown only on request. During display, exposures can be reduced by
such devices as timed switches, either at the room entrance or at a partic-
ular exhibit, so that the lights go out when no visitor is present; or
sheltering curtains over cases or frames, which must be drawn aside and re-
placed by the observer or by the museum guard. The most practical method of
control for the usual display items is the use of standard sized frames, al-
ready mentioned, which permit the interchange of papers, framed for exhibition
and unframed for storage.

53Mold and Insects

Molds, which are also called mildews especially when reference is to the

52
Glossy Finish Collection, Removable Samples in Two Binders, Munsell

Color Co., Inc., 2441 N. Calvart Street, Baltimore, Maryland 21218.

53 Some of the information on pesticides was taken from a lecture given
by Julian H. Conkey of The Institute of Paper Chemistry, October 20, 1971.
Also John McDaniel of The Department of Entomology and Applied Ecology,
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growth on infected foods, are saprophytic fungi. They grow on almost any

material which can offer moisture and organic nutrients: paper, wood, adhe-

sives, food crumbs, oily particles, sooty dust, etc. It has been said with

little exaggeration that a greasy thumb print can be their banquet. Their

usual structure is composed of the vegetative mycelium which spreads its

root- like threads (hyphae) on or through the host material, and the above-

surface bushy growth containing the fruiting bodies or spores. Most mold
spores are invisibly small and are capable of being airborne. Indeed, they

are omnipresent and apparently can remain inactive for long periods of time

ready to flourish when conditions become proper for growth--damp, still air

in quiet places. Mme. F. Flieder suggests a way of assessing the amount of

contamination in the air of any room: opening lidded saucers (such as

covered Petri dishes) containing a mold nutrient (as malt-agar) and placing
them in different positions in the room; closing the dishes after 15 or 20

minutes, and then trying to grow the molds in the dishes after placing them
in a moist but uncontaminated atmosphere (as under a disinfected bell jar)

for a period of two or three weeks. Growth from one or two spots of innocu-
lation can be considered normal. But if there is growth of several different
kinds of mold from a number of spots, a potentially serious situation could
exist.

Molds damage paper by hydrolyzing the cellulose molecule, thus making the
paper acid and weak. They destroy the sizing and often cause patches of

very persistent discoloration. The reddish brown freckling of paper, called
"foxing", is believed to be iron oxides and hydroxides that result from
chemical reaction between iron salts and particles in the paper and organic
acids released by fungi.

In an environment of relative humidity below 70 percent, the moisture content
of paper, as well as that of associated materials, is too low to permit mold
growth. This fact is a primary weapon for the curator, since, with a certain
amount of diligent care under normal conditions, he can contrive to keep
paper in humidities below this level. Other preventive measures of impor-
tance are periodic inspections, strict cleanliness and the avoidance of un-
disturbed pockets of damp, still air--a condition that can exist, especially
in shelving against outside basement walls.

University of Delaware, very generously supplied valuable answers to many
questions on the subject.

F. Flieder, La Conservation des documents graphiques; recherches experi-
mentals , ICOM, Edition Eyrolles (Paris: 1969), p. 73.

For actions to be taken during abnormal conditions, the aftermaths of
disastrous floods, tempests and fires, reference is made to Peter Waters, op .

cit . , who developed the techniques through such experiences as the 1967
Florence Flood. Xerox copies of the article, dated July 31, 1972, are
obtainable from the Administration Department, Library of Congress, Washing-
ton, D.C.
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Although active mold can be stopped from growing by placing the host material
into conditions of controlled temperature and humidity, it will not be

killed; and the host material becomes a contaminator that can dangerously
increase the spore concentration of the area. Contaminated objects are
bound to occur. Even in a well managed museum, which may have been a repos-
itory for objects during several staff -generations , forgotten caches of mold-
ing papers sometimes are found in damp corners. There are also those papers
just entering the collection, often in dusty broken containers whose appear-
ance and musty odor warn that contamination may be present. Storm, accident,
malfunctioning of the conditioning system can permit mold to flourish in an
alarmingly short time. Therefore disinfecting equipment should be readily
accessible to every curator. Some museums and libraries make it a matter of

routine to disinfect all fungus-prone materials shortly after acquisition or

after a known incident of exposure.

Very effective but elaborate equipment is the vacuum chamber furnished with
means of introducing and exhausting gases that are both fungicidal and insec-
ticidal. Some chambers, like those at the National Archives, are large
enough to accommodate big objects or a great number of books. Recently a

small vacuum case into which a shelved cart can be wheeled has been put onto
the market by the Vacudyne Corporation. It is specifically designed for the

fumigation of books, but, of course, could be adapted for frames and stacks
of single papers. Ethylene oxide, a pesticidal gas found to be harmless to

paper and one often used in vacuum chambers, has proved effective against
mold in exposures of 24 to 48 hours. This exposure will also kill many in-
sects in their egg and adult stages; but, since insect larvae are hard to

kill, bug-infested objects should be treated twice, the second time several
months after the first. Because ethylene oxide is explosive, it should not
be used pure, but should be mixed with a modifying substance, as are such
proprietary mixtures, as "Cartox" (10% ethylene oxide and 90% carbon dioxide)
and "Penngas" (12%, ethylene oxide and 88%. Freon) . If a chamber is airtight
but not strong enough to hold a vacuum, the gas still can be employed as a

fungicide and a less effective insecticide, but exposures must be prolonged
to six or seven days. Also, because ethylene oxide has properties toxic to

man, it should not be used unless it can be safely exhausted into the outside
air.

Still effective but probably the least elaborate piece of equipment is the
homemade, sealed container with troughs of folded cardboard to hold naphtha-
lene flakes or crystals of paradichlorobenzene, in which a small number of

infected papers can be cured during an exposure period of two weeks. The
container could be a suitably sized, thoroughly dry box wrapped in polyethylene
sheeting. Incidentally, these crystals also could be used as insect and fungus
deterrents by scattering them along closed shelving or in cabinets. They
evaporate fairly quickly when exposed to air and have to be replaced if they
are used for continuing protection. For this reason and because, although not
toxic, they have a pervasive odor, their use in this way could be reserved for
long periods of high humidity or for emergencies. Care must be taken not to

place them in direct contact with valuable papers.

The fairly common disinfecting chamber, easy to use and convenient to house,
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is an airtight cabinet with a source of low heat over which can be placed

dishes containing thymol crystals whose vapor is fungicidal but of low tox-

icity to man. A suggested construction is shown in Figure 3. The width and

dapth of the cabinet are made large enough to accommodate papers of the big-

gest standard size, 32" x 40"; the height is, of course, determined by the

number of shelves the user wishes. The interior surfaces should not be

painted or varnished because long exposure to thymol fumes has a solvent

action on oils and resins. To enable penetration of the vapors through the

entire chamber, the removable shelves should be made of an open-woven mate-

rial stretched on fixed frames. An inert plastic screening like polypropylene
screening serves the purpose well. It is more rigid, less apt to sag, than an

open-meshed cloth. Details about the use of this chamber will be given in the

subsequent section, "Procedures".

The curator should have on hand a few pesticides for different purposes. Ref-
erence to the extensive literature on the subject will help him decide which
ones he prefers for his purposes. Although he will find that a number of

them are suggested for use directly on paper, he should avoid such a use on

valuable papers, unless it is a matter of urgency and unless he has been able
to ascertain that the application to a particular paper will do no harm. In
making his choices, he should bear in mind the degree of toxicity to human
beings, not only of the pesticides themselves but also of the solvents in

which they are carried. Many fungicides are used in such low percentages
(1 percent or lower) that they should not cause trouble if the operator avoids
getting them near his mouth or eyes and obeys all cautions printed on the con-

tainers. Some of the solvents, however, like methanol or methylated spirits,
are toxic and must be handled with considered care. They should not be used,
certainly never sprayed, unless the operator is equipped with a filtering face
mask or fumehood, or works in a well-ventilated room or in the open air. The
Merck Index , a good reference book on chemicals, describes toxic effects and
gives antidotes should acute exposure like ingestion occur.

Some of the fungicides in common use or recommended for use with paper objects
are as follows

:

Thymol is a good, general fungicide for the laboratory. Paste can be
kept free of mold for a reasonable time by adding about 1 percent thymol-
saturated methanol to the paste just before completion of the cooking. Paste
jars and other containers can be sterilized by swabbing them with a solution
of 10 percent thymol by weight volume in methanol. The same solution is rec-
ommended by Peter Waters, in his discussion of conservation procedures after
a flood, for impregnating pieces of utility papers like towelling or newsprint.
After this treatment, they can serve as disinfecting sheets by being inter-
leaved between moldy papers or pages of water-soaked books. Contact with the
thymol -impregnated sheet could cause faint discoloration in the paper of
value. However, such a consideration has no meaning under the conditions
that exist following a flood when highly destructive mold growth could run
rampant.

Waters, op. cit . , p. 7.
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Salicylanilide , soluble in hydrocarbons, and the water-soluble sodium
salicylanilide have been tested and found to be effective fungicides harmless
to cloth, leather and paper. They have longer lasting properties than thymol
but they are moderately toxic to man. Salicylanilide can be used in 0.5 per-
cent to 1 percent concentrations in salves for leather. Dissolved in petro-
leum benzine, 1 percent can serve as a dip for cloths, or, brushed into the

grain of the wood, as a disinfectant for frames which have suffered an attack
of mold.

Copper 8-hydroxy-quinolinate is the metallic salt mentioned most fre-

quently in the literature concerning fungicides used in association with
paper. Like all the copper salts, it is of low toxicity to man. Evidently
it has lasting properties and has been found to be most effective in mixtures
with other copper compounds, such as a water solution containing one-half of

one percent each of copper 8-hydroxy-quinolinate, copper naphthanate and
copper diphenyltriazone.

The phenols are used extensively as fungicides, and some as both fungi-
cides and insecticides. The straight compounds of chlorinated phenols are
considered safe for use with paper because the phenol molecules securely lock
in the chlorine. Contrarily, other chlorinated compounds, like the sodium
salts of the phenols, could be less stable and release free hydrochlorous
acid, thus weakening the paper. The phenols are volatile and therefore not
long lasting.

Orthophenyl phenol (a Dowcide) comes in crystalline flakes that are
soluble in most organic solvents. A 2 percent solution in water or alcohol
can disinfect leather by brushing and fabrics by dipping. A 10 percent solu-
tion has been suggested to impregnate papers for interleaving between diseased
pages. One percent serves as an inhibitor. It is of low toxicity to man.

Pentachlorophenol also comes in crystalline form soluble in organic
solvents. It is an insecticide with fungicidal properties which is usually
employed as a protection for wood. It has been recommended for treating the
lining materials and inside surfaces of the lining materials and of the

packing cases which are to be sent into regions of high humidity. But if

this is done, a warning label stating its use should be attached to the case
because it is moderately toxic to man. Actually there is little chance that
it could cause trouble to the receivers because it would have been applied
in low concentrations, around ? percent, and its potency would have been re-
duced by the time elapsed since treatment.

"Leather Protector" is a proprietary salve recommended by Mrs. Carolyn
Horton57 for the treatment of leather. She warns, however, that it can stain
and should not be used without testing on blond leathers. It contains a small

-''Carolyn Horton, Cleaning and Preserving Bindings and Related Materials ,

Chicago: American Library Association (1967), p. 43.
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percentage of para-nitro-phenol, which is often employed as a fungicide for

Lubricants

.

"Cire 212" is a waxy substance developed for leather and comes in the

colors most commonly found in leather-covered books: white, black, red,

green, and blue. It contains an agent which protects against mold and in-

sects.

"Xylamon - Clear" is a proprietary liquid formulation containing
chloronathpthalene. It is a kind of coating material that can be painted on
shelving to protect against mold and insects.

Many insects seek conditions similar to those favored by fungi, such as un-

disturbed, often damp places of still air. Almost all of them prefer the

dark. Among the most destructive of those that thrive on the constituents
of paper and bookbindings are bookworms, white or pale yellow worm-like
larvae of wood-boring beetles whose penetrating tunnels are characterized by
powdery fill and sticky deposits of mucus; the glue- and size-loving silver-
fish (or bristle tail) and the book louse, a tiny, blond insect that can
exist in vast numbers if allowed to propagate undisturbed; the subterranean
and wood-dwelling termite, both highly destructive, that devour cellulose,
often leaving only the outer shell of a wood or paper object; then the cock-
roach who carries on his surface attack upon substances like glue and paste
under the cover of night. The presence of most of these insects is often
difficult to detect because they make tiny entrances into the host material
during the dark or use surfaces away from the light. There are some observ-
able clues: the characteristic scattering of small holes in wood, which are
familiar to everyone, little piles of wood dust, erosion of the surfaces of
prints, tunnels near the spines of seldom opened books, etc. Cleanliness
and periodic inspections again are of the greatest importance.

If infestation is discovered, action must be taken at once. Movable objects
can best be cured by exposure in an insecticidal fumigation chamber. The
curator who does not have such a chamber at his disposal would be wise to
find out where the nearest one is and ask for its use, should the need arise.
Within a building, especially a public one, room fumigation and extensive
spraying of insecticides should be referred to a trained, properly equipped
professional exterminator. Not only are most insecticides toxic to human
beings and therefore should be handled under the conditions established by
the United States Food and Drug Administration,^ but modern technology on
such poisons and their uses has become quite complex. Nearly every state
has a pest control association which can supply a roster of reliable opera-
tors. Also, the advice of The National Pest Control Association can be

, 59sought. To aid the specialist so that he may know the locations and kinds

CO-^Regulations of Pesticides in the United States , Washington, D.C.: Food
and Drug Administration of the Department of Health, Education and Welfare,
(1968).

-^The National Pest Control Association, The Buettner Building, 270 West
Jersey Street, Elizabeth, New Jersey 07207.
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of infestations with which he may have to deal, the museum staff should
accumulate all pertinent data and physical evidence, including dead insects.
The specialist may discount many of these as being outdoor dwellers that
have come into the building by chance on clothing or packages or through the
ventilation system and therefore not likely to propagate within the building,

There are a number of proprietary mixtures on the market of low toxicity to
people, some of which could be used by the curator as deterrents or as cures
for occasional local occurrences of household bugs.

Lindane (called Gammoxane in England), a gamma isomer of hexachloro-
cyclohexane, is an insecticide with fungicidal properties. It is effective
against roaches, spiders, silverfish, etc. It can be used as a dust or

wettable powdler or as a liquid (2 percent in petroleum benzine) which can be
spread or brushed along cracks and crevices where insects might intrude. Un-

fortunately there are serious cautions concerning Lindane which must be ob-

served. It is capable of releasing free hydrochlorous acid and can be harm-
ful to paper and some inks. Therefore, it should not be sprayed but brushed
locally in places that do not come in contact with valuable papers. Further-
more, it is one of the persistent chemicals which the United States Govern-
ment has tried to discourage by requesting that it be limited to indoor uses.

Larvex is a liquid formulation containing about 0.5 percent sodium
aluminum silico fluoride. It has been on the market for many years and has

been used primarily to protect rugs, woolens, etc. from moths and other in-

sects which inhabit fabrics. The curator might be interested in it as an
insect repellent to be brushed into the mats on the flooring of storage bins.

Pyre thrum is derived from the flower of a kind of chrysanthemum.
Obtainable in a powder or liquid, it is a good general insecticide but so

short-lived that it is used as a "quick knock down" to kill the insects
actually present at the time of application--ants , flies, mosquitoes, etc.

Propoxur , a water-missible liquid of general effectiveness, is partic-
ularly valuable against cockroaches because they have not yet developed an
immunity to it. "Baygon", as it is called by its manufacturer, can be
diluted to an 0.5 percent solution that can be brushed over cracks and other
places of intrusion. It is fairly lasting, has a faint but not unpleasant
odor, and is moderately toxic to man.

"^The pyrethrum insectictid is made by the Ortho Division of the Chevron
Chemical Company, P. 0. Box 1040, Perth Amboy, New Jersey 08862.

"Baygon" is made by The Chemagra Company, Cincinnati, Ohio.
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FACTORS HARMFUL TO PAPER

A SUMMARY

Light The region of the electromagnetic spectrum admitted into interiors
by window glass is the visible wavelengths plus the near ultraviolet
and the near infrared (wavelengths measuring from 360 millimicrons
to 1,000 millimicrons). The U.V. is damaging because of the energy
of high frequencies and the I.R. because of radiant heating effect.

Acts in conjunction with oxygen and moisture in the air and with
pollutants to break up the cellulose molecule by photochemical re-
action, causing fading, embrittlement, and sometimes discoloration.

Control

A. Strength (or intensity) of exposure (foot-candles) and/or time
of exposure (hours).

Means

1. Avoidance of high intensities of any kind of lighting
(optimum level of illumination on paper is 5 foot-candles).

Reliance on adaptability of the eye by gradual introduc-
tion to dim lighting and elimination of bright spots in
exhibition room; use of apparent brightness of the object
by making it a little brighter than background; use of

"warm" lighting, etc.

Daylight cut down by use of window louvres, curtains, and
filters (tinted glass, reflecting glass, reflecting
plastics, etc.).

Artificial light reduced by lowering the voltage and/or
reducing the number of lamps and/ or increasing the dis-
tance between the light and the object; by the use of

diffusers or "wall washers" or other indirect lighting.

2. Avoidance of long exposures.

Measuring Devices

Photometers; photographer's light meters.

B. Limitation of range of radiation.

Means

- 35 -



1. Removal of ultraviolet rays from daylight sources and
fluorescent tubes by U.V. filters (usually flexible or

rigid plastics) over windows, skylights, and fluorescent
tubes and/or between light source and object (as glazing
of cases or frames).

2. Removal of infrared rays from spotlighting of any near,
strong, incandescent lamp or from daylight by filters in

lamps and over skylights and/or between light source and
object; I.R. reflecting or absorbing coatings or glass;

dichroic bulbs or multilayered interference film reflec-
tors; forced air cooling of object.

Detecting Devices

U.V. monitors, fadometers, thermometers, I.R. sensing thermom-
eters .

C. Elimination of oxygen and other injurious gases.

Means

Use of hermetically sealed containers filled with an inert
gas: argon, helium, or nitrogen.

Acid Acidic conditions in paper destroy the cellulose molecule by
hydrolysis causing degradation and embrittlement

.

Sources

A. Inherent in paper: sizes, inks and dyes; residual chemicals
(bleaches, etc.); residual "impure" raw materials (lignin,

etc.).

B. Transmitted: from prolonged contact with acid materials:
wood, ground wood pulp paper or cardboard, unstable plastics,
acid adhesives, etc.

C. Environment: oxides of nitrogen from car exhausts (oxidizing
acids leading to ozone and peroxides); oxides of sulfur from
heating and industrial fuels (reducing acids leading to sul-
furic acid). Other acids less common or less dangerous to

paper: hydrogen sulfide from tidal flats, marshland and rubber
products; hydrochloric acids present in the salt sea air; ran-
dom acids in interiors.

Controls

A. There is no control for inherent acid in works of art on paper
except deacidification, a process which is being studied at
present but which is not yet recommended for general use.
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B. Avoid transmitted acids by housing papers in neutral

atmospheres and in contact with acid-free materials.

C. Exclude acids from the exterior by air conditioning and from

the interior by control of fumes from furnace or other fossil-

fuel burners; filter intakes to buildings, and/or gallery and/

or show cases; place buffering materials near object.

Avoid unnecessary handling.

Strict cleanliness of surfaces object touches.

Avoid danger of putting mineral particles into papers during
treatment by using distilled or de-ionized water for the bath
water.

Avoid natural or synthetic rubber products in enclosures,
especially for papers that have designs in metal point or white
lead.

Detecting Devices

1. For atmospheric acids: chemical tests, pollution test
kits, information from local Environment Protection Agency.

2. For the acidity of papers, pastes, and aqueous baths:

pH meter; different kinds of acid base color-change
indicators

.

3. For presence of acid producing factors in papers: color-
change indicators, as for ground wood, alum, or rosin.

Relative Humidity RH is the amount of water vapor actually in a volume
of air expressed as a percentage of the total water vapor which the
same air could hold at the same temperature. Paper is a hygroscop-
ic material which has a moisture content under normal circumstances
of 6% to 7%.

High RH causes the growth of mold which destroys cellulose and
sizes; aids in hydration of cellulose, in photosensitized reac-
tions and in biological attacks.

Low RH causes embrittlement so that a paper cannot be fixed when
dry without the possibility of injury to cellulose. Fluctuating
RH causes damage by "exercising" hygroscopic materials, making them
swell in high RH and contract in low.

Control

Maintaining even temperature (upon which RH depends) and even
moisture vapor content in the air. For the sake of all hygroscopic
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objects in a museum the gallery RH should be kept between 40% and
60%. For the sake of paper alone, it would be better between 35%
and 45%. In the first case, the optimum would be 50% and in the

second, 40%.

Means

Air conditioning; humidifiers and dehumidifiers ; use of

desorbent-absorbent materials such as cloths, absorbent papers,
silica gel, thermal barriers in cases, etc.

Measuring Devices

Psychrometers , hygrometers, recording hygrothermographs , dye
indicators.

Temperature Changes in temperature cause corresponding changes in rela-
tive humidity. Under normal circumstances, a rise in temperature
produces a fall in RH, and vice versa.

High temperatures aid in speeding up chemical reactions (a rule of

thumb among chemists: for every 10° rise in temperature the rate
of reaction is doubled).

Localized low temperature can cause condensation.

Localized high temperature can cause drying conditions within that
area.

Especially with low RH, high temperatures can cause yellowing and
embrittlement.

Control

Maintaining even temperature throughout the 24 hours, all through
the year.

Means

Air conditioning; cooling in summer; heating in winter; use of

automatic thermal switches.

Use of fans and other air circulating devices.

Avoidance of cold surfaces and of local heating by sunlight or
artificial lighting.

Keeping temperatures as low as is consistent with human comfort.

Measuring Devices

Thermometers

.
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Pests A. Mold spores are omnipresent and will grow in or on nearly every

substance. Those which are found on paper usually do not grow

if the RH held by the ambient air near the paper is below 707o .

They will flourish increasingly as the RH goes from 70% to

100%. Mold seems to grow more rapidly in saturated, still,

warm air than in saturated, moving, cool air. It destroys
cellulose and size, increases acidity and local RH, and some-

times causes deep discoloration.

B. Most of the insects which harm museum objects like still, un-

disturbed, dark conditions, often damp, where their nutrients
are available: grease, proteins, carbohydrates, etc.

Control

A. For both: strict cleanliness; constant vigilance; periodic
inspection; avoidance of still air; prevention by using adhe-
sives, waxes and varnishes that contain fungicides or insecti-
cides (adhesives: small amount of 10% thymol in alcohol;
waxes: French proprietary material "Cire 212"; varnishes:
German proprietary material "Xylamon-BN")

.

B. For mold: keeping RH below 65%; prevention during a period of

emergency by placing saturated papers in refrigeration around
20° to 25°F.

Means of Cure

1. For mold: Fumigating chambers: thymol vapors (4 days);

ethylene oxide mixtures in vacuum chamber (3 days); fumi-
gating boxes (sealed container holding trough of naphtha-
lene flakes or paradichlorbenzine crystals for 2 weeks).

2. For insects: Structural alteration, removal of infested
material and associated passageways, reconstruction with
treated materials; fumigating chambers: Ethylene oxide
mixture; direct use of insecticides in cracks, in joins
or on the dark parts of shelving; fumigation of a whole
room.

Caution

Only those pesticides which are known to be nontoxic or of low
toxicity to human beings should be used by the museum staff. The
more toxic and pervasive pesticides should be used only by trained
exterminators

.
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SECTION II

PROCEDURES

In this section are outlined some suggested procedures which are not meant
to be considered exacting or fixed. They have been developed with the inten-

tion of showing how a work of art on paper can be handled safely, how some
minor weaknesses in its structure can be corrected and how housings can be
formed which are salutary and, hopefully, protective enough to slow the tend-

ency toward failure of all organic substances. They are also intended to

caution the curator to care for his objects without getting into the danger-
ous difficulties of major treatment. He would be wise, if inexperienced and
without the proper equipment, to avoid such treatments to valuable papers as

lamination, mending, patching, deacidification, bleaching, compensation of

losses in the design, etc.

The order in which the procedures are given can be changed to suit the situa-

tion. For example, if active mold is suspected, the paper should be disin-
fected first before any other operation. There are objects for which some
of the methods must be modified or not be used at all. For the most part,
they are those whose design materials could be injured by abrasion or affec-
ted by solvents.

The paper upon which the design is drawn, printed or painted is referred to

as the "support". The secondary paper or cardboard, if allover attached, is

called the "mount"; if unattached or locally attached, the "mat" or "back
mat". By "backing", as "backing cardboard" or "backing materials", is meant
unattached material placed behind the back mat for added stiffness and pro-
tection from mechanical damage.

EXAMINATION

The curator should make as thorough an examination as his equipment allows
and should begin to record his observations even before he starts to handle
the object, first describing the condition of the housing or packaging as it
was when it came to his attention. In the examination of the work of art
itself, the aims are 1) to establish and to record as accurately as possible
what materials it is made of, including the identification of those not orig-
inal, 2) their conditions, and 3) on the basis of the findings, to determine
what corrective measures, if any, should be taken. If defects are present,
the curator must decide whether they can be stabilized by treatment in his
workroom or whether they are of a nature requiring the attention of a con-

servator.
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Examination Form

The experienced curator will have developed an examination form which satis-

fies him and meets the requirements of his museum. However, the form given

on the four pages of Figure 6 may be of interest. It is one actually in use

in a conservation laboratory and therefore may be more detailed than a cura-

tor wants; but it suggests the kind of scrutiny into materials and conditions

that is required if an object is to be treated. This form is a four page
folder.

Page One: The principal purpose of this page is to identify the partic-
ular object and describe its housing, as well as to give any observations
that may have been made with special examining tools. The reason there are
spaces for three measurements of height and width is to permit the registry
of three important sizes found in some prints: those of the support, the

platemark and the design rectangle.

Page Two: Here the materials of which the object is composed are
described, exclusive of their condition. It is as detailed as time permits
and the need requires. An object of value and/or one that needs treatment
and/or one made of unfamiliar materials receives more attention than one of

little quality in good condition of almost certainly known materials. However,
if technical identifications are not made, the statements are modified by the
word "Estimated".

An important bit of information on this page should be the effects, determined
by test, of any agent which might be used in treatment upon the design mate-
rials and upon the sizing and color of the paper. Sometimes, especially for
modern works of art, this is the only information upon which to make deci-
sions. The materials could be of unknown character, except in their reactions
to water or other solvents or to manipulation.

Page Three: On this page details about condition are given. If assess-
ment of acidity is made, it is registered under the first entry, "Weakness
of Materials". In the assessment (see pages 20 and 21), indicator dyes are
used with great discretion on the paper of value. Sometimes they are not
needed, the color of the paper and evidence of brittleness testifying to

acidity. Sometimes a backing paper which has been in contact for a long
time can be used to roughly indicate the acidity of the object.

For some of the listed defects, it has been found helpful to use single word
qualifications, as "Severe" or "Extensive", "Moderate", "Slight" or "Minor".
If the defect is general, that indication is made; but if it is local, its
position is described.

Page Four: This page becomes the work sheet for the object while it is

undergoing treatment.

Photography

Obviously, the camera should be used to illustrate the conditions described
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in the report. Black and white photographs are the best for permanent
records, and as many are taken as needed for illustration: shots of the
whole and of details, by normal and raking light, etc. Color photography,
however, is very descriptive of the condition of paper. It differentiates
clearly between the various kinds of discoloration, as patterns of oxidation,
stains, foxing, soil, splatters, etc. Color prints enlarged from 35 mm. film
to post card size are adequate for the purpose.

UNFRAMING AND UNMATTING

This operation should be the responsibility of the curator or the conservator,
not the registrar. Much can be learned about the condition and past history
of an object by observations made while unframing and unmatting it:

Is there dust within the frame?
Are the mounting materials brittle and discolored?
Have the tapes, hinges and other kinds of attachment caused harm?
Is the support itself weakened and patterned by communicated disfigure-

ment?
Was the present matting, or some previous one, responsible for the

pattern?
Is it stained or cockled by its present attachment or locally thinned

by the removal of past mounting tabs?

Are there evidences in any of the materials of insect or mold attacks?
If so, are they of recent occurrence or so old as to be no longer harm-

ful?

Procedure

1. Place the frame face down on a surface with a soft covering like

carpeting or rubber matting. A satisfactory material for the purpose, because
it stays clean and can be easily rolled or hung out of the way when not in
use, is open-meshed matting of polyethylene.

2. Remove the wire and hanging devices; tear away the backing paper
completely; and remove the retaining nails.

3. If the glass is not fastened separately into the frame, the entire
enclosure can be lifted out, first angling it upward by pushing with the

fingers placed below the glass, and then grasping it securely.

4. If the glass is fastened, place the frame on edge pitched slightly
downward. Then, with an instrument like a sturdy spatula, the papers can be

The Fisher Scientific Company sells polyethylene matting by the foot
under the title "Aero-liner", and Arthur H. Thomas calls its product "Neotex
Matting".
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eased out in a single package which will fall against the hand.

Caution : If the paper is stuck to the glass and moderate heat

(as by repeated applications of blotters dipped in hot water) does

not cause a separation, the frame may have to be opened up at the

corner joins. Separation from the glass may require consultation
with a conservator.

5. Lift the glass away, if possible, and approach the work of art with

great care, determining the manner of attachment before lifting wide any of

the papers. Common methods of attachment are:

no direct attachment at all,

hinged to the back mat,

directly adhered to the back mat with spots of adhesive,

allover mounted to the back mat,

directly adhered to the window mat with spots of adhesive or by

continuous edge attachment,
sandwiched between the window and back mats which have been adhered

together around the edges.

6. Mark all items which are to be kept (object, frame, decorated window
mat, historical evidence, etc.) with an identifying number, usually the acqui-

sition number. Refasten the glass into the frame with a few retaining brads
and distribute it and the important secondary materials to logical holding
places

.

Caution : A pencil only should be used for marking. In fact,

fountain pens, poor quality ball-point pens and felt- tipped pens
should never be used near papers of value.

7. Hinges, back papers or mats held by spots or lines of adhesive can

be cut or torn away leaving generous sections still adhered for more careful
detachment later. However, at this juncture all secondary materials should
be left in place whose removal requires placing the design face down.

PREPARATION OF WORK SURFACES AND OF PROTECTIVE PAPERS

1. Strict cleanliness of the top of the work table is important. If

it is a hard, non-porous washable surface like Formica, frequent washings
with a mixture of household ammonia and water will achieve the purpose. If
it is a grainy, porous material like wood, it can be covered with good qual-
ity wrapping paper which can be changed whenever soiled.

2. A smooth surfaced paper cut somewhat larger than the paper of value
is placed between it and the table top to protect it from abrasion whether
face up or down. The protective paper permits shifting and turning the ob-

ject, as during examination, without actually touching it, and becomes a

covering paper when the picture has to be temporarily laid aside. Rectangles
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of Promatco acid-free wrapping paper are good for this purpose. The red-
brown color is usually in definite contrast to the color of the paper support,
preventing any confusion. Incidentally, a handy laboratory convention could
be: a rectangle of this paper lying on the table indicates that there is a

work of art below it.

3. If the design is face up and requires being touched, the area on
which the hand must rest should be protected with a soft paper like paper
towelling.

4. A folded sheet of acid-free bond or ledger paper serves as a carry-
ing envelope and a temporary housing until the object is permanently matted.

REMOVAL OF OLD MATTING MATERIAL

1. An allover adhered mount, whether cardboard or paper: a) If there
is little or no evidence that it is doing harm, it can be allowed to remain.
b) If there is discoloration from the adhesive, if any part of the mount is

made of ground wood pulp or straw pulp, if pH indicator tests show the mount
to be highly acid, it should be removed, the work being referred to a con-
servator.

2. A design of powdery material—pastel, chalk, charcoal, heavy soft
graphite, etc. --should never be placed face down against a surface. Yet
much of the unwanted attachments can be removed while the picture is held on
a spacer in its frame, provided the support is strong and no downward pres-
sure is exerted. A more safe arrangement would be to brace a spacer on a

fixed frame of the same size as the spacer, in a nearly upright position dur-
ing treatment. Straps of masking tape could be used to hold the picture to

the fixed frame provided the tape is removed as soon as possible and the
traces of its adhesive washed away with swabs dipped in toluene or heptane.

3. Friable and tenuously attached designs—opaque watercolor collages,
etc. --should be examined to see if placing them face down will cause trouble:
whether there is flaking paint, brittle protrusions, etc. Even if such mate-
rials seem secure, no weight should be placed on the reverse and the pictures
should be subjected only to very local manipulation.

4. The secure design—print, translucent watercolor, ink or hard pencil
drawing, etc. --can be placed face down on a protective paper and held against
movement with a strategically placed "snake" weight of sand or lead shot.

a) With attentive care, the greater part of old matting can be trimmed, cut
and torn away with scissors, knife or scalpel, tweezers or the fingers. Often
the remaining thin layers of the matting can be pulled off by grasping them
with fingers or tweezers and, keeping the hand low, pulling parallel to the
surface while the fingers of the free hand hold the area against the strain.
Care must be taken that this action pulls the mounting paper away from the
adhesive, not the adhesive from the support, causing injury to the surface.
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b) If this treatment seems severe, the scrap of old mounting paper can be

further weakened by putting a small drop of cold water on top of it. Should

its surface be moisture resistant, abrading it with a scalpel before adding

the drop will help penetration. After a minute at least the upper part of

it can be scraped away with a scalpel held nearly flat. Sometimes the wet-

ting and scraping have to be repeated; but the removal should be done with
as little dampness penetrating to the support as possible.

c) Adhesive residues that are thin and do not affect the conformation of

the support can be allowed to remain. If they are distorting and if the

support is thin and weak, the problem should be that of the conservator.
However, provided the support is strong and provided it is not apt to water
stain or its color to be affected by water (both ascertained by warm-water-
drop tests in a small area of a corner), the following attempt to reduce the

adhesive could be made: place a dampened scrap of blotter over it and light-

ly touch the blotter with a hot tacking iron to send steam into it; keep the

blotter in place and dampen it again; while still damp, curl the blotter
away (peel it off) rather than lift it off; scrape away the softened adhesive
with a scalpel; repeat with fresh scraps of blotter until the support no
longer feels tacky.

d) If the support is fastened directly to a thick mat with spots or lines

of adhesive, usually the support can be raised enough to permit undermining
the spot by cutting into the nearest layers of the mat with shallow diagonal
strokes of a scalpel. Then, with the thumb thrust into the cut and the
fingers spread on the protected surface of the support, a lifting action
effected by an upward pull and a slight turning of the wrist will tear off
the top layers of the mat in a section that tapers upward beyond the under-
cut place of adhesion. Care must be taken that the support remain arched
and that creases do not develop during the treatment. Sometimes a cardboard
tube of suitably broad diameter can be helpful. It can be so positioned over
the area of attachment that when the free portion of the support is turned up
over it, the area to be undermined can be more easily seen and the incision
more easily made. The separation can be achieved without strain on the sup-
port by a gentle forward pressure on the roller while the free hand controls
the tearing with a scalpel.

e) Pressure-sensitive tapes should be removed at once, unless they reinforce
tears or span areas of design material reactive to the necessary solvents.
In these cases, the conservator should do the removal. Also the problem
should become his if spot tests show that the solvents affect the sizing of
the support or its color. Solubility is dependent upon the age and condition
of the tape. Heptane or petroleum benzine can be used if the tape is fairly
fresh, otherwise toluene or even acetone may be needed. Occasionally the
tape may have become so hard as to be insoluble. However, brittleness usually
accompanies this extreme, allowing the tape to be cut off bit by bit with a

scalpel.

Caution 1 : Some design materials, like wax crayon, cannot
tolerate these solvents. As with water, spot tests should be made
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with solvents to be confident that neither the design nor the paper,
especially if it is of modern manufacture, will be injured. Spot
test : place a few small drops upon an inconsequential line or area
and, after a moment, press the spot with a blotter to see if there
is transfer. If so, the solvent should not be used. Nor should it

be used if a flow pattern or "ring" results from a drop test in a

corner of a paper.

Caution 2 : Some of the solvents, especially toluene and meth-
anol (which will be mentioned -in the following paragraph), have
toxic effects if used carelessly, or accidentally ingested, or

breathed in too high concentrations, or got on sensitive parts of

the skin. The Merck Index should be consulted for information on
all chemical compounds used.

1) The solvent is fed underneath the tape by dabbing a well moistened
swab along its edges and over the reverse of the area it covers.

2) When the area has been kept wet for half a minute and the adhesive
has softened, one end of the loosened tape is lifted with a scalpel, grasped
with tweezers and gently pulled backward a small section at a time after each
section is further treated with the solvent. When the tape has been removed,
the residues of the adhesive can be taken off with swabs dipped in the sol-
vent. If swabs should not be manipulated over the area because of the pres-
ence of the design, turn the treated area down onto blotting paper and light-
ly pounce the reverse with cotton balls wrung out in the solvent.

3) A more prolonged exposure for very difficult tape can be achieved
by placing a blotter over or under the area and keeping it wet with the sol-
vent. This method should be used cautiously because a stationary source of

solvent like the blotter could cause a ring. Another way might be to moisten
the area with both toluene and acetone applied in alteration.

f) If there are residues of an unknown adhesive which are not water-soluble,
attempts should be made to remove them, first with heptane, then, if unsuccess-
ful, with toluene, then with acetone or methanol. As with all tests, the

attempts should be small spots which are then pressed with blotters to see if

the adhesive has been softened.

DISINFECTING BY FUMIGATION

Figure 3 shows a suggested design for a gas-tight chamber which is planned
especially for the use of vapors from thymol crystals. This gas has proved
effective against mold and has not been found to be injurious either to paper
or to human beings. Like most such disinfectants, it does not secure papers
permanently against fungus, but should kill the spores present and give a

short period of immunity. If the papers are kept in a museum atmosphere
after being fumigated, they should be reasonably safe, cured of the old mold
and not likely to develop further growth under the controlled conditions.
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Caution 1 : Designs containing oil or resinous paint should not

be treated with thymol fumes because prolonged exposure has effected

these media. For instance, paint which was mistakenly applied to the

inside surfaces of a thymol chamber, separated from the wood after

several years of the chamber's use, so that it could be peeled off in

strips.

The fumes have a solvent action on natural resin varnish, causing it

to become tacky.

Photographs have been exposed without apparent damage. Yet there

have been fears expressed by some conservators that any fumigation

could injure photographic emulsions. Therefore, it may be best not

to treat them in a thymol chamber.

Disinfecting these materials could be done either in an ethylene

oxide chamber or by local treatment with 1 percent thymol in methanol
or 1 percent salicylanilide in petroleum benzine.

Although many printing, drawing and writing inks have oil or oil-

resin media, inks appear to be stable and can withstand the required
exposure. As far as is known, there have been no reports of injury
to inks by thymol vapors.

Caution 2 : Sheets of parchment or vellum should not be exposed.

Fortunately they are not so apt to mold as is paper. If mold is

present, the object should be taken to an airy place, preferably to

a sheltered, sunny spot out of doors, and the mold removed by pick-

ing it off with tweezers, blowing if off with a soft jet from an empty
spray gun, or whisking it up with a soft brush. Then if the design
permits, the areas can be washed with a swab dipped in a mild solvent
like heptane.

Leather objects, such as leather bound books or boxes, can be ex-

posed. However, the leather should be reconditioned after treatment
with a lubricant like a mixture of anhydrous lanolin and neat's-foot
oil. 2

Papers Which Should be Disinfected :

1. Those that have active mold. When this condition is found, the paper
and its container should be taken to an airy, sunny place away from other
mold-sensitive materials, blown slightly as with a gentle use of a spray gun
to get rid of loose dirt and then placed at once in the disinfecting chamber.
It is better not to remove the mold growth from the paper before treatment
because it can be spread unnecessarily and become embedded in the fibers.
All secondary papers should be discarded and the frame cleaned and brushed

2See the leather treatment advised by Carolyn Horton, op. cit . , pp. 42-51
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with a disinfectant like 10% thymol in methanol.

2. Papers new to the collection whose past environment is not known,

especially if there is evidence that they have been kept undisturbed in

frames for extended periods.

3. Papers which are water stained and/or have the characteristic musty
smell, even though there is no other evidence of mold.

Procedure

1. The quantity of thymol crystals which should be divided among the
containers is at least 50 grams per cubic meter, or 1.5 grams per cubic foot.
The containers are placed close over sources of low heat, as is shown in

Figure 3 where 20 watt bulbs are suggested.

Caution : Thymol does not need much heat to be evaporated at a

satisfactory rate. In fact, more than mild heat is inadvisable
because if the crystals are rapidly evaporated, a yellowish deposit
can form on nearby surfaces. This effect can be prevented not only
by keeping the heat low, but also by placing baffles made of screen-
ing material above the containers.

2. Lay the papers to be disinfected on pieces of thin, permeable paper
that can serve for handling but not block passage of the fumes, and place
them on the screened shelves. If the paper is already matted, insert plastic
rods between it and the mat for better penetration. If a book has to be
treated, penetration can be achieved by inserting the rods every fifty or

so pages. Broad-diametered, plastic drinking tubes have been found useful
for the purpose.

3. The door is latched tight so that the gasketing around its edges
seals the chamber. Then the heat is turned on below the fumigant stimulat-
ing it to send vapors throughout the interior of the cabinet. The heat
should be left on for about three hours per day for four days.

4. After fumigation, any mold residues should be removed by picking
them off, or whisking or blowing them away. For ways of removing residues
from pastels, charcoals, etc., see step 3 under "Dry Cleaning".

DRY CLEANING

Dust and dirt that have not been ingrained into the paper fibers and an
appreciable amount of handling soil and minor grease marks can be removed by
dry cleaning. On the other hand, aged stains probably will not respond to

the treatment, and embedded dirt or migrated pigment often can be only slight-

ly reduced. Such defects will have to be accepted as permanent damage, and

be covered from sight as much as possible by the window mat.
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1. As mentioned above, unattached dust and other accretions can be

blown off pictures of stable design materials by a careful use of air jets

from a spray gun. A convenient rig for the purpose is a pegboard larger than

the object, which is held on a slant by a back support. Before the board is

pitched on its support, the paper is positioned on it and eight pegs, one on

each side of all corners of the paper, are placed in holes so that narrow

cloth tape can be strung along them and run diagonally across the corners of

the paper to hold them from blowing up in the air jets.

2. Loosely attached accretions can be dusted from the reverse and mar-

gins with a soft ox-hair or sable brush which is kept clean for the purpose.

The brush should be used with whisking strokes, applying little or no pres-

sure lest the dust be rubbed into the paper.

3. Somewhat clinging accretions like cobwebs, residues of mold, etc.

often can be picked from the design areas, even of charcoals and pastels,
without touching them by the use of a sable watercolor brush and/or tweezers.

The brush is made more effective if it is given an electrostatic charge by
flicking it against a piece of plastic or a fibrous material like wool cloth;

and the tweezers by securing a small narrow strip of masking tape, the adhe-
sive side outward, to one of its jaws.

4. A good deal of general soil can be removed by thickly scattering
crumbled eraser onto the soiled areas of the paper and rubbing it over the

surface with a circular motion of the flat of the fingers. If there are
marks which require more concentrated pressure, it can be supplied by gently
rubbing the eraser crumbs over the paper with a dry cotton swab, or, for

more persistent marks, with a good quality eraser held flat or turned only
slightly on edge in order to avoid making lines of over-cleaning. Excellent
utensils for this operation are porous cloth bags filled with crumbled
eraser, like the Opaline Cleaner, which can be twisted and shaken to dust
the paper with the cleaning material.

Caution : The treatment should not be used on the designed area,
but should be limited to the reverse, the margins and large blank
spaces in the design rectangle. The reverse should not be treated
unless it is certain that the design will not be harmed by the re-
quired pressure. Also the method should not be used if the paper is

soft with a felt-like surface that is liable to be scuffed.

5. Heptane, petroleum benzine, toluene, acetone and methanol or methyl-
ated spirits are all solvents for greasy soil which should not harm most
papers. However, some modern papers may be effected as mentioned above. The
compounds are given in the approximate order of their solvent strengths. None
should be used without careful tests, both to the various components of the
design and to the paper itself.

The paper is placed on a blotter and the selected solvent applied over the
margins with gentle pressure and repeated strokes of a soft brush or a large
cotton swab in order to reduce finger prints or greasy stains. When possible,
complete immersion in a shallow pool of heptane or toluene for 10 minutes or
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so may be beneficial. Sometimes, after the greasy medium of the soil has
been weakened by a solvent, a second use of crumbled eraser may remove the

loosened dirt.

Caution : Only good grades of solvents should be used on paper:
reagent grade.

IMMERSION IN A WATER BATH

The reasons for immersing and soaking a paper in water are: 1) to remove
some discoloration, and 2) to reduce acidity (see the paragraphs on acidity,
page 15). Therefore, the papers to be considered for treatment are those
which are yellowed and moderately acid, and, it is again emphasized, those
which the operator has thoroughly tested to be sure that no harm will be
done by immersion. Although only water of room temperature is used for the
bath, the drop test.; on the design materials should be done with warm water.
The higher temperature of the drop will give a more severe test and thus
compensate in some measure for the prolonged exposure that the object will
experience in the cool bath.

Some of the objects which the curator may find advisable not to treat are:

1. Designs done in inks or paints that can be injured by, or are soluble
in, water: watercolors, some synthetic paints, iron gall inks, some modern
black inks, some Oriental inks, and colored inks of all ages.

2. Designs done in any medium which can be dislodged or smudged: pas-
tel, charcoal, heavy graphite pencil, etc.

3. Heavily surfaced or sized papers: "cameo", illustration papers, etc.

4. Prints done on mounted "India" paper. It was a common practice,
especially in the 19th century, to print on this paper, a very thin tissue,
while it was mounted on heavier felt-like paper. Water immersion causes
areas of separation between the two, resulting in raised blisters and a very
difficult situation indeed.

5. Papers with bad edge tears which could be extended in the treatment.

6. Papers with mends or patches which could be removed in bathing,
causing a major repair job.

7. Fragile, brittle and broken papers, especially with high ground-
wood content: modern newsprint, fancy papers, etc.

8. Contemporary papers whose components react to water, especially
colored ones whose dyes are found to be unstable in water.

As is well known, normal paper is extremely weak when it is wet, its weakness
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varying directly with the degree of wetness. Therefore, the procedure for

total immersion is designed to permit a paper, often already fragile, to be

taken out of a water bath after a period of soaking without direct handling.

No brushing or other manipulation directly on any design material should be

done while the object is under water.

Procedure

A. For fairly strong papers, small to moderate in size:

1. Select or form a basin (see Figure 2 for a suggested way of making

a bath) at least 8 inches larger than the object.

2. Place in the bottom of the basin a piece of screening (Saran or

polypropylene or any other inert, open-meshed plastic which will not float)

larger than the object. This screening serves as a safety device on which
the paper can be lifted from the water immediately if incipient trouble is

noticed.

3. Fill the basin with a shallow pool, about 1 inch deep, of filtered
tap water or preferably de-ionized water.

4. Drop the paper, face up, flat onto the surface of the water; hold

the edges lightly against curl; wait until the paper has relaxed and lies

more or less smoothly on the water.

5. Choose a broad-dimetered glass or plastic rod long enough to span
the paper and overhang both sides; immerse one end of the paper by pressing
it down with the rod; holding the rod at the ends slowly roll it down the

whole length of the paper, thus immersing it and driving out trapped air.

If the paper tends to float, it can be held sufficiently under water by plac-
ing a second piece of polypropylene screening over it.

6. Allow it to remain in the water for an hour or two. Toward the end
of this period, soiled undesigned areas can be gently brushed with a very
soft brush.

7. Remove the paper from the water as follows:

a) Spread on the surface of the water, a piece of polyethylene or polyester
sheeting larger than the object. Polyethylene is the preferable material
because it is more transparent, allowing the operator to watch the object
more easily.

b) Place a spatula below one corner of the paper and lift it up to the
corresponding corner of the plastic; lift the two corners clear of the water.

c) By slowly lifting, extend the area that is clear of the water along one
edge, controlling the attachment of the paper to the plastic with the spatula,
When a sufficient area has been raised, the paper will cling to the plastic
so that little direct touching of the paper is needed.

- 51 -



d) Very slowly lift the two from the water being extraordinarily careful if
there are edge tears. Should there be some, the lifting action is stopped
when one of them reaches the surface of the water. The lower section of the
tear is guided into contact with the plastic my means of the spatula, and
the lifting can then continue.

8. Place the paper still on the plastic on a flat surface while a rinse
bath is drawn. This bath should be of either de-ionized or distilled water.

9. Place the paper into the rinse water by putting both it and the
plastic down onto the surface and slowly curling away the plastic. The curl-
ing action will immerse the still wet paper.

10. After a short period of rinsing, remove the paper as above.

11. Allow some of the excess water to drip off and then place the assem-
bly on a blotter.

12. Beginning carefully at one corner and then progressing along one
edge slowly roll the plastic off using a very sharp curvature, doubling it
back on itself and pressing it down at the line of separation. Again special
care must be observed at edge tears. The paper is left face up on the blot-
ter.

13. Let it remain in this position, uncovered, until it has lost all
running water and is simply damp. This step is very important because if

the paper is turned face down and/or put under pressure while it is still
wet, pigment will be lost.

14. If there are still remaining residues of water soluble adhesive on

the reverse, the paper, after it has become damp, can be sandwiched between
two blotters, turned over, and further attempts made to remove the residues.

15. For final drying and flattening, the paper is placed between two
pieces of fresh blotter, the sandwich covered with rubber matting and a

weighted panel of plate glass or heavy plywood.

16. After half an hour, the blotters are changed and, after several
hours, finally changed again. The paper should be left between the final
blotters for an extended period, as overnight.

B. A thin and/or fragile paper can be bathed if it is protected between two

layers of Dacron curtain material and the whole supported on polypropylene
screening to which the edges of the Dacron netting are attached with running,
loose stitches of thread. The assembly is not opened during treatment until
it has been placed on a blotter and the paper is nearly dry.

C. For large papers to be handled safely, they should be supported through-
out the bathing process.

1. Place the paper in a sandwich whose bottom layer is polypropylene
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screening and whose upper layer is thin polyester paper or Dacron netting;

stitch or tack with thread the plastic materials together along their edges

leaving generous room for the paper to expand after it has been put into the

bath.

2. Place at the bottom of the basin an inert, fairly rigid panel which,

when the bathing is done, can serve as a drain board. The panel could be

made of Plexiglas, or aluminum, or Dacron curtain material or plastic screen-

ing stretched on an aluminum silkscreen frame.

3. Fill the basin with an inch or two of water.

4. The assembly can be immersed and the air evacuated by holding it

down with a wooden rod placed near one end of the paper and rolling a second

rod down the length of the paper progressing slowly without tension as the

paper becomes saturated.

5. After bathing and after the paper has dried to dampness, the plastic
layers are removed one at a time, blotters being substituted.

FLATTENING MINOR CRUMPLES

Local Treatment

In cases involving design materials very reactive to water, like opaque
watercolors, or those which could be dislodged or smudged, local treatment
may be the only safe method. Small creases, folds and wrinkles often can
be successfully removed by:

1. Local dampening (not wetting), either by brushing over the crumple
with a wet (not dripping) brush or by pressing a strip of wet paper towelling
(wet blotters may introduce more moisture than needed) against the area for

a short time;

a

2. Manipulating the crumple into plane with the fingers or, working on
protective blotter, with the flat of a spatula;

3. While still damp, pressing and drying between blotters weighted by
a covering sandbag.

The local use of a hot iron with dampness should be considered a last resort
because the treatment flattens the paper rather severely and just in the
treated area. Also it makes a difference between the moisture content of
the area and that of the rest of the paper, which could result in cockling.

Overall Treatment

Since this method requires only slight dampness, many designs, even though
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somewhat reactive to water, can withstand it, provided the paper is not thin

or weak. Dampness tests can be performed by turning the picture face down

on a blotter, brushing with water a small area of the reverse above the design
material in question, and determining if the dampness can cause the design to

transfer by pressing the area for five minutes or so with a sandbag.

1. Spread on a flat surface a piece of polyethylene sheeting somewhat
larger than the object and place over it a protective piece of thin tissue
paper; lay the object face down on the tissue.

2. Spray the whole back of the paper lightly but evenly with water;
hold it gently against curling. For this purpose, the soft spray created by

a pressurized can, like the Crown Spra-tool, seems better than that of an
electric spray gun.

3. With repeated, gentle, sweeping strokes of a broad brush like the

Japanese Waterbrush, spread the water drops as evenly as possible.

4. Cover the paper with a second tissue and a much larger sheet of
polyethylene; keep the dampness within the envelope by weighting down the

edges of the sheeting with "snake" sand or shotbags.

5. After about 15 or 30 minutes when the dampness should have permeated
the paper, replace the upper plastic and tissue with a blotter; reverse the

sandwich in order to substitute a second blotter for the lower tissue and
plastic.

6. If some adjustment of the paper is required, it can now be done with
the reverse upward, either working locally with an instrument or more gen-

erally with strokes of the Waterbrush, whichever the need dictates. The work
will have to be done rather quickly, lest the paper become too dry for satis-
factory flattening.

7. Place the assembly below rubber matting and weighted panels, pro-
ceeding as described in the drying process following immersion.

After general dampening, flattening can be achieved between several layers
of blotters in a screw press. Also a moderately heated (around 80°C)
photographer's press can be used, but only for papers with smooth, hard sur-
faces. Heat, dampness and strong pressure are too harsh for soft surfaced
papers and can iron out desirable conformations such as the plate impressions
of intaglio prints. Even without heat, the strong pressure of a photographer's
press could over-flatten wet, soft papers. If heat and pressure are used,
however, the paper should be allowed to regain its moisture content before
being matted to avoid cockling after attachment.

MENDING EDGE TEARS

Papers with serious tears, especially if they intrude into design areas,
should be referred to a conservator. Successful mending requires not only
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techniques and skills that perhaps anyone manually dexterous and experienced

in artist's materials can perform, but it also demands dedicated time and

patience, to both of which the conservator is committed. However, the cura-

tor who has the time to secure simple edge tears can benefit the papers under

his care. Like tears in cloth, those in paper constitute places of weakness

which can be extended or crumpled by careless handling and accidental snag-

ging.

Procedure

A moderately fine to medium, pointed watercolor brush serves for the paste

brush.

1. Prepare the needed amount of paste. Use only primary paste for

mending papers of value (see the following section, "Formulas"). Dilute it

to a consistency comparable to heavy cream. It would be better to err on

the thin side because paste that is too stiff can cause troublesome contrac-
tion after the mend dries. For dilution, magnesium bicarbonate water (see

"Formulas") is used, or partly it and partly distilled water. The paste
solution should register neutral or slightly alkaline according to the read-

ing of a pH indicator tape.

2. Prepare the mending material from long-fibered, unsized Japanese
paper.

a) If the paper to be mended is thick or moderately thick, tear narrow
strips, about 1/8" wide, of the heavier paper, Goyu or Sekishu, so that
fibers fray out from both sides of the strip. The tearing can be done dry
for small strips by short pulls between thumbs and fingers. To keep the
edges of longer strips straight, it is easier to place the tissue on an ab-
sorbent paper, blotter or folded towelling, and to paint on it wet lines with
water from a saturated brush along a straight edge. When a line has been
drawn, impress it fairly firmly with a bamboo knife and then tear along it

while it is still wet.

b) If the paper is thin, like the average book paper or thinner, shred a

narrow strip of Tengujo, or similar tissue, so that its structure is somewhat
broken down into a chain of loosely webbed fibers. The idea is to weld the
edges of the tear together by bridging the break with the inconspicuous web-
bing. To keep the narrow scarf of fibers from blowing away in the slightest
air current before use, place it on a dark material like a piece of felt.

3. Place the paper to be mended face down on its protective sheet and
prepare the edge tear.

a) If there are crumples at the tear, slip a piece of flexible but hard
surfaced plastic, like 3 mil Mylar, under it, paint the crests of the folds
lightly with a wet watercolor brush, and similarly dampen any other place at
the tear which resists the flat lie of the paper. Draw the edges of the tear
together as closely as possible without strain. Pressing the area into posi-
tion with the fingers is the best technique, because instruments could harm
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the dampened paper. If the edges will not close completely, accept the gap

rather than cause a warp by forcing closure. The gap will be filled with

the mending tissue. Substitute a blotter for the Mylar; press the tear again
into position with the fingers; partly dry between weighted blotters for

about 5 minutes and finish the drying with a warm tacking iron.

b) Place the strip- of Mylar between the edges of the tear, clean the edge

on top of the plastic and at the same time fray out its fibers by lightly
scraping it with the blade of a scalpel. Repeat for the other edge. Turn
the paper over and do the same thing on the front. Again place the paper
face down and position the tear. If it is long, or if the paper is apt to

curl, hold the edges in register with flat weights or "snake" shotbags.

4

.

Mend

.

a) If the paper tends to water stain, work with the paste as dry as possible.
Drops of paste can be placed on a piece of glass and the paste at the top

center of the drop used after some of the moisture has drained out of it.

Use as little paste as possible, brushing it on the glass before putting it
on the paper. After application, letting the paste dry a little before press-
ing sometimes reduces water rings, sometimes drying it more rapidly with a

tacking iron is helpful. Do not press with the tacking iron.

b) If there is any overlapping of the edges along the tear, even the slight-
est, brush it with a very small amount of paste, enough to cover the overlap
but not spread beyond it. Place under pressure between pieces of polyester
paper and dry. Polyester paper has the advantage that it does not stick to

paste.

c) For the thicker paper, place a mending strip a little longer than the
tear on a piece of glass and brush it with the paste. Brush repeatedly to

penetrate the tissue and drive off some of the moisture, and brush so that
the edge fibers remain extended. Pick up the strip at one end with tweezers
and position the other end a very little distance beyond the tear. Press it
down into firm contact with the paper. Lower the strip loosely over the
tear. When completely laid, "tack" it into the paper with short steps of
the blades of the tweezers. Press firmly with a cotton ball to smooth its
contact and remove some of the moisture. Place between polyester paper and
weighted blotters for awhile; finish drying with a tacking iron.

d) For the thin paper, paint lines of paste along the edges of the tear.
Pick up the mending web at one end with the tweezers and position it as
described above. After it has been pressed with the cotton, attach its edge
fibers on either side of the tear by lightly brushing them down onto the
paper with the paste brush.

5. Toning the mend. Since the reinforcement is on the reverse, little
toning will be needed. However, it can be done with a mixture of powdered
pastels of suitable colors. Form a small swab by wrapping an end of a round
toothpick with a wisp of cotton batting. Roll the swab in the pastel and
put touches of it along the mending strip. Blending the touches of the pastel
with the swab should accomplish the toning.
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SPRAY DEACIDIFICATION OF SECONDARY PAPERS

As has been stated under "Acidity" above, the use of a deacidifying agent on

papers of value should be avoided by the curator, at least for the present.
But the treatment of secondary materials sometimes can be beneficial. Occa-

sionally it will be found that papers used for hinging and mending are slight-

ly acid. Also, if a valuable paper is acid, placing it against a buffered

back paper may help retard injury by absorbing random acidity and neutralizing
the housing. There are proprietary papers with buffers built into their

finish which serve the purpose--Permalif e bond and especially the soft, alka-
line Promatco tissue. The buffering properties of the bond could be improved
by the method to be described, or, if neither paper is available, a substitute
could be made by treating a sheet of Sekishu or a similar soft but strong
Japanese tissue.

The spray method using magnesium bicarbonate, developed by W. J. Barrow, is

suggested here principally because it is hoped that the curator will have on

hand the facilities for making this agent. He also will want to use it as a

neutralizing diluent for water-soluble adhesives. Because in the act of

spraying some of the bicarbonate changes to the carbonate and settles on the

surface of the paper, penetration is not sufficient to establish a long last-

ing buffer. Therefore this technique is not beneficial enough for use on

papers of value.

Procedure

1. Spread a sheet of polyethylene on a flat surface. Place on it a

protective tissue paper and on the latter the paper to be sprayed.

2. Fill the container of a spray gun with magnesium bicarbonate water
(see "Formulas"). The spray gun operated by a pressurized can, like the

Crown Spra-tool, is quite satisfactory if an electric spray gun is not avail-
able.

3. Spray the paper, making passes first in one direction and then in

the other, until the paper is quite damp. Brush the paper for more even
distribution with sweeping strokes of a broad, soft brush like the Japanese
Waterbrush.

4. Cover with a tissue paper and a second sheet of polyethylene. Close
the plastic envelope by weighting the edges down with "snake" weights.

5. Allow the paper to "marinate" for several hours or overnight, per-
mitting the magnesium bicarbonate to penetrate into the structure of the
paper.

3
Barrow, "Spray Deacidification," op. cit,
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6. Open the envelope, place the paper on a blotter and let it dry un-

covered in the air of the room. The carbon dioxide of the air will change

the magnesium bicarbonate in the paper to the more stable, buffering compound,

magnesium carbonate.

MATTING

In the usual manner of matting, the window and back mats become the most in-

timate parts of the housing of the work of art on paper. Together they form
a protective, supporting envelope which remains in prolonged contact whether
in frame or storage box. To be beneficial, the components of the envelope
must be of neutral, enduring materials free of deteriorating impurities. All-
rag matboard has been found, and still is considered the most suitable mate-
rial for the purpose.

Only the standard method of matting will be described here. Justifiable
variations will be necessitated by particularities of framing and design.
Modern attitudes toward presentation may even reject traditional matting
altogether. Any arrangement is acceptable provided the basic requirements
for preservation of the object are upheld: that contacting materials be

clean, harmless and acid free, that they furnish the needed amount of struc-
tural support and of protection against injurious factors in the ambient
atmosphere.

Procedure

1. Two pieces of neutral 4-ply ragboard of the same shape are cut for

the window and back mats. Ideally the outside dimensions should be estab-
lished by considerations of design to give margins of pleasing proportions.
Yet very often other factors, like an existing frame, control size. Also the
choice may be limited if the method of temporary framing in standard sized
frames is practiced. Then the mats must be cut to fit the most suitable of

the sizes. Curators using this system may want to select their own dimen-
sions. However, there is a set of sizes widely used in the museum world that
permits pictures not only to be interchangeable in matching frames, but also
allows them to fit into one or another of proprietary storage boxes. These
sizes are: 14 1/4" x 19 1/4", 16" x 22", 19" x 24", 22" x 28", and 30" x 40".

One of the functions of the window mat is to act as a separator between
the glazing and the picture, because damage can be done by prolonged contact
with glass or plastic. The space may act as an air pocket that protects the

picture from high or low humidity at the warm or cold surface of the glazing.
Because of some characteristic of the support or of the design, it is some-
times necessary to make the window thicker than 4-ply. This is a requirement
for large pictures so that their centers do not bulge against the glass, and
for those glazed with polymethyl methacrylate (Plexiglas), a less rigid mate-
rial than glass, which can cup out-of-plane. Adequate spacing is particularly
important if powdery substances, like pastel, are used in the design. They
are seriously injured by contact and are prone to mold. Greater depth can be
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achieved by the use of 8-ply ragboard, an expensive material, or by double

or even triple layers of 4-ply. This arrangement does not necessarily mean

the difficulty of matched cutting of the window, since the lower mats could

be recessed behind the outer one or placed forward in steps of decorative

proportions. In some instances, as when pictures are framed without window

mats, spacers are built into the frame's rabbet. If the spacer is of wood,

it should be surfaced with a sealer, like shellac, or a paint which could be
colored to suit the design of the framing. Whatever the surfacing, strips

of 4-ply ragboard should be adhered to the bottom of wooden spacers if they

have to rest upon the paper support. A good quality polyvinyl acetate emul-

sion, like Jade No. 403 or Promatco A- 1023, is adequate for attaching the

window mats together and the ragboard to the spacer.

2. The window opening is planned and ruled onto the ragboard with light

pencil marks. It is best for the window to just overlap the edges of the

paper support in order to hold it evenly flat without constriction. However,
sometimes it is required to expose the edges of the paper within the window.

The window is cut with either beveled or right angled edges. There are
various devices for cutting mats. Some operators with steady hands can cut

bevels of constant pitch simply by running a razor-sharp knife along a

straight edge; others prefer a hand-fitting pod which holds a blade of set
depth and pitch, like the Dexter Cutter, also guided along a straight edge.

Then, there are the more elaborate tools in which the cardboard is held in a

clamp and the cutter is controlled on a track, like the Keeton Kutter. All
methods require experience and practice.

The window is made as trim as possible. Feathery corners can be correct-
ed with a scalpel, fibrous and sharp edges and slight unevennesses can be re-

moved with sandpaper or emery board. If so desired, the edges of the window
can be made glossy by burnishing them with an agate.

3. The two mats are placed on the worktable with their inner surfaces
upward and the edges that are to be hinged together butted against one
another. They are held in place with weights.

It has been found best to use a long side of the mats for the joining
hinge; that is, a vertical window should be hinged along the left side like
a book; a horizontal along the top. The principal reason for this convention
is that it makes finding one matted picture among a group of others in a

storage box easier and safer because all the hinged sides are aligned on the
same side of the box.

A strip of 1" Dennison's white cloth tape, to serve as the hinge, is cut
a little shorter than the length of the crack between the mats. The tape is

folded in half lengthwise, the gummed side outward, to give the hinge a set
crease and to establish a central guide line. It is laid on a blotter and
the adhesive thoroughly wet by slowly drawing a well-saturated cotton ball
along it with a steady continuous movement. Going back over the wet tape
should be avoided because it will remove adhesive. Excess water is allowed
to drip off. The tape is put in place with the crease running along the
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crack between the boards, pressed firmly into contact by rubbing it with the

cotton ball which has been wrung out so that it is but damp. The tape is

allowed to dry having been covered with a strip of polyester paper, a blotter

and weights.

4. When the tape is dry, the window mat is turned to cover the back
mat and the edges are checked for proper alignment. Any needed adjustment
is made. The picture is positioned under the window and, protected with a

covering paper, held in place with a weight. The window mat is opened again
and the locations of the upper corners of the picture are indicated on the

back mat with pencil marks.

5. The mounting tabs are planned and formed of long-fibered Japanese
paper. Usually their shapes tend to reflect that of the paper they are to

support, large and horizontal tabs for a large, horizontal paper, etc. The

heavier weights of Goyu or Sekishu are used for the large or thicker paper
supports; the lighter weights naturally serve to hold small, thin papers.
The edges of the tabs are torn rather than cut in order to feather them and
so avoid the danger of impressing sharp lines on a support. They should al-
ways be placed at the top edge of the support whether the design is vertical
or horizontal, the number being determined by the weight and character of the

picture. Usually two are sufficient, placed a little nearer the side edges
than the center. Sometimes a third tab is required at the center, especially
if a large picture is being matted or one which otherwise would sag.

Caution : Pressure sensitive tapes should never be placed in

direct contact with works of art on paper because of their well-known
harmful effects; nor should gummed paper tapes be used, whether the

heavy and acid brown "butcher's" tape or the transparent stamp-hinge
type. The principal fault of the latter is that the adhesive is not
strong or long- las ting enough, so that the paper can soon break free,
fall in its mat or frame and become crumpled.

A frequently practiced kind of mounting is to place the tabs

on the left edge of a vertical design, a method which is not satis-
factory because the unsupported side tends to sag when held upright
in the frame. Other customs which are unwise to follow are to attach
the paper to the window mat, and to attach it by continuous adhesion
around all edges. In the former mounting, not only is the front of

the picture involved in the attachment, but the paper could be torn
when the mats are opened pulling it suddenly away from its back mat;
in the latter, the paper, being thinner, may react more readily to

moisture changes than its mat and suffer dangerous stresses.

6. The adhesive is selected and prepared for the particular job. Either
primary or secondary pastes can be used for hinging. Both are hygroscopic so
that dilution should be done just before use, the amount depending upon the
weight of the paper to be supported. Naturally the larger and heavier paper
needs a denser and stronger adhesive. On the other hand, a dense adhesive
will cause a thin paper to pucker and distort. In neither case should it be
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watery, a characteristic of diluted pastes if they are kept beyond a day.

Magnesium bicarbonate water is used in the dilution (see "Formulas").

Caution : The eventual removal of mounting tabs should be con-

sidered a certainty, so that only easily water-soluble adhesives
should be used. If, as very infrequently happens, an adhesive is

required which is not water-soluble, a notation should be placed on

the reverse of the back mat stating its nature and solubility.

7. One at a time, the mounting tabs are placed on a piece of glass or

plastic and one- third of the length brushed with paste by repeated strokes

so that the adhesive will penetrate the tissue. The tab is lifted with
tweezers, and, after a moment's pause to allow some of the moisture to evap-

orate, placed in the planned position on the back of the support with the

upper edge of the pasted area just below the top edge of the paper. After
another moment, the back of the tab is pressed with a cotton ball to remove
more moisture and to establish good contact. If there is danger of forming
a water ring, see the procedure suggested in the first paragraph of "Mend"
above. Drying is accomplished first by pressing with weights placed on top

of protecting pieces of polyester paper and blotter, then, if need be, com-
pleted with a tacking iron.

8a. The mounting tab used as a hanger. The more secure method of

attachment is to suspend the picture by its tabs on the back mat, a method
that can be used when the window mat covers the edges of the support. The
paper is positioned on the mat with its top corners at the pencil marks and
held from movement with light weights. The tabs are turned down onto a pro-
tective strip of wax paper and the upper two- thirds painted with paste, ex-
cept for narrow margins near the top of the paper. It is important to leave
these unpasted margins so that the paper will be free enough of the mat to

be lifted, if necessary, for examination of the reverse. The tabs are turned
up and pressed into contact with the back mat by means of a cotton ball.
Then dried as above.

8b. The mounting tab used as a hinge. When the edges of the art paper
are to be exposed within the window opening, the upper part of the tabs are
folded down to form hinges. The folds should be made a little below the top
edge of the paper so that the tabs will be concealed behind it. The picture
is turned face down and placed above the pencil marks with its upper corners
positioned on them. Again the unattached two- thirds of the tabs are painted
with paste, pressed into contact and dried.

If the picture cannot be turned face down, a strip of polyester paper
inserted between the two parts of the hinge will permit attachment without
danger of sticking to the back mat. In this case weights will have to be
placed on the protected upper front of the picture. If this cannot be done,
as with thin paper, for fear of impressing the shape of the hinge upon it,

the paper will have to be held on a braced support at a high enough angle to

permit the part of the hinge being attached to the back mat to be dried with
a tacking iron.
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Pictures whose edges are not caught by the window mat should be observed
for awhile to see if they tend to curl. If this is the case, small addition-
al hinges may have to be placed at the side edges.

9. Placing a slightly alkaline paper between the support and the back
mat is a good precaution (see the first paragraph under "Spray Deacidication"
above). It can be held in place with small tabs of 3M Magic Mending Tape
provided the tabs do not come in contact with the valuable paper. Otherwise
it can be adhered to the back mat with spots of paste.

FRAMING

A. Standard Framing

This method of framing, the most generally practiced among conservators, is

designed to provide a dust-free, acid-free housing made of neutral, good
quality materials which should have slow deterioration rates. It forms a

closed but not airtight frame so that there is interchange between the en-
closed air and the air of the room. Because of the hygroscopic character of
the paper and cardboard contents, the housing probably can counteract the

extremes of dryness and moisture experienced by the room, unless they are of

long duration. In other words, it functions best in a museum climate, but
can endure non-airconditioned atmospheres if, during a period of prolonged
high humidity, it is returned to a conditioned storage, or, failing that, is

placed under a moisture absorbing cover, like a blanket or thick layering of

soft, absorbent paper.

The objects which should be closed in frames, rather than mounted in standard
sized mats for temporary framing, are those which might suffer more from
handling than benefit from periods of rest in storage boxes: large cumber-
some pictures, collages, pastels or other friable design materials, fragile
or "sick" pictures, pictures which have frames especially suitable to them,

and those which are on frequent display. However, like the unframed objects,
they should be kept for the better part of the time in the dark of storage,
or protected in some other way against long exposure to light.

Procedure

1. The frame and its contents should have been kept in an atmosphere
conditioned to R.H. between 40 percent and 45 percent for at least four or

five days, or long enough to ensure that the moisture contents of all the

materials have reached equilibrium with that level of humidity.

2. The frame is turned face down on some kind of protectively soft mate-

rial between it and the hard surface of the worktable. Large frames can be

placed on two or more padded horses. The rabbet is thoroughly cleaned.

3. After the glazing is cleaned, strips of transparent plastic tape,

like 3M Magic Mending Tape, are attached to form a dust seal. The strips
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are firmly adhered about 1/8" in along all edges. When the glazing is placed

in the frame, the tape will angle up over the walls of the rabbet where it

can be secured with finger pressure. If the rabbet is deep, a higher layer

of tape is added, in order to seal off any contamination from the wood.

Glazing Materials

a) Glass. Single strength window glass is satisfactory, unless 1) the pic-

ture is very large, then double strength glass or light plate glass or rigid

plastic sheeting like Plexiglas would be better; 2) the picture is to be sent

on loan by public carrier, then the glass should be stripped in both direc-

tions by closely spaced strips of masking tape, or Plexiglas should be sub-

stituted.

b) Polymethyl Methacrylate Sheeting (usually Plexiglas). Whether clear
Plexiglas or, to filter out ultraviolet rays, Plexiglas UF1 is used, it should
be appropriately thick for the size of the frame to give the rigidity required
for the expanse. Because Plexiglas is less rigid than glass, greater space
between the glazing and the picture should be allowed.

Caution : This material is inert chemically, but its electro-
static property is a serious threat to loosely bound substances like
charcoal and pastel. There are anti-static polishes, usually cationic
detergents or quaternary ammonia compounds, which remove the charge
for a considerable time by carrying it off at the time of application.
They are most beneficial when applied to both sides of the sheeting.
Apparently the presence of the resulting film within the enclosure of

a frame will not create an internal atmosphere injurious to paper. It
is not volatile and is either neutral or slightly alkaline. In any
case, there should be a separator, as usual, between the glazing and
object. Nevertheless it seems a little foolhardy to use the sheeting
with pastels and charcoals, the more so since the polish has a limited
lifetime of effectiveness.

If this glazing material is used, care must be taken to protect
it from abrasive contact. Lenders should be warned that it is present,
lest they, mistaking it for glass, strip it with masking tape for pro-
tection during travel.

c) Abcite is a fairly new material developed to be more scratch resistant
than Plexiglas. It has a polymethyl methacrylate core to which are bonded
surfaces of a hard, clear plastic. Although it is somewhat electrostatic,
it is appreciably less so than Plexiglas. It is expensive, but may be well

The manufacturers of Plexiglas, Rohm and Haas, recommend a polish desig-
nated as AR-8, a formula of Rogers Anti-Static Chemicals Inc.; also "Like
Magic" is a commonly used anti-static polish.

Made by E. I. DuPont de Nemours Company, Inc., Plastics Division.
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worth considering for the glazing of very valuable pictures.

4. The glazing is given a final cleaning, and it and the matted picture
are dusted with a soft brush to remove all stray particles. The picture is

placed into the frame.

5. A sheet of buffered paper, like acid-free Permalife bond, is placed
over the back mat. As has been described under "Deacidification of Secondary
Papers", the bond paper could have been given a greater buffering capacity by
having been sprayed with magnesium bicarbonate water. The paper is cut so

that its edges come as close as possible to the walls of the frame, even
cupping slightly along them. The paper protects the back mat from soil and
from being marked during insertion of the retaining nails; but its principal
purpose is to absorb acidity, both that within the frame and that intruding
from outside.

6. The depth of the rabbet controls the thickness of additional back-
ing materials. To protect the picture from mechanical damage, the sturdiest
material that the space allows should be included, such as Permalife Bristol
board for shallow rabbets and acid-free Mounting Board for deeper ones.

7. Small (5/8") brass escutcheon pins make good retaining nails, being
rustproof. Should their heads be troublesome because of the shallowness of

the rabbet, they can be removed or flattened. The retaining nails should be
placed fairly close together, such as every three inches for an average
sized frame, so that they will hold the mats in even register with the glass
but not pressed down hard against it. The Expert Fitting Tool is invaluable
here. It is a device with a triggered handle which can be compressed to draw
a hooked piston in the sleeve of its shaft toward an adjustable stop. When
the stop is placed against the outside wall of the frame and the hook against
the head of the nail, the action of the trigger draws the nail into the wall
without the jarring or abrasion which hammering can cause.

8. Acid-free wrapping paper or strong synthetic paper, like DuPont
Tyvek, is used to cover the entire back of the picture. A piece is cut
larger than the frame and spread on a soft surface; polyvinyl acetate emul-

sion glue, like Jade No. 403, is brushed on the back of the rabbet and
smoothed with the finger so that none can flow into the frame; the frame,

face up, is positioned on the paper; and weights are placed on the protected
picture to hold it down against the paper until the adhesive has set. The
paper is then trimmed along the edges of the frame.

For large pictures, Featherweight Board makes a light weight, very
strong backing board. It is composed of a plastic foam core bonded between
thick, heavily surfaced papers. The papers are not acid-free, but their

"Obtainable from S & W Framing Supplies, Inc,

Obtainable from Charles T. Bainbridge Sons.
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surfacing and the buffering within the frame should prevent any acidic

effects. The board can be tailored to fit the frame by cutting away the

inner paper and the core to the dimensions of the inside of the rabbet and

adhering the overlapping outer paper to the back of the frame with PVA emul-

sion glue.

9. The favored hanging devices are those composed of metal loops

hinged to plates that can be screwed into the back of the frame. They come

in several sizes from small to those strong enough to support heavy frames.

However, they do not come small enough for very little frames, so that tiny

screw eyes must be used for this purpose.

In the actual hanging of a picture, it is obvious that the use of two

points of support, whether wall hooks or wires from hooks on a picture mold-

ing, are twice as safe as the use of one.

10. Finally, rubber covered tacks or bumpers should be placed near the

bottom corners of the frame to lift it a little away from the wall and so

allow air to pass behind it.

B. Sealed Framing

Collectors without air conditioning in climates which are apt to have long

periods of high humidity are sometimes advised to close their frames with
one or two mil Mylar sheeting, the most inert of flexible plastics. It can
be applied either across the back of the frame by being adhered directly to

it, or used to form the back of a package whose front is the glazing and
whose walls are strips of plastic tape that overlap the edges of the glazing
in front and those of the Mylar in back. The whole package can be then placed
in the frame. Although this kind of enclosure is not hermetically sealed, it

is sealed enough to decidedly slow down air interchange. Mylar is almost as
impervious to moisture and gases as is glass. Therefore, care should be taken
that all materials included within the package are inert and free from damp-
ness. However, there is the possibility that once dampness gets into the en-

closure, it might not so easily get out. Another possibility might be that
since the amount of material contained within the package is greater than the
unoccupied air space, the response of its internal relative humidity to

changes in temperature could be opposite to that in open air; that is, the
internal humidity may increase with the increase of temperature. The situa-
tion is like the closely packed and sealed shipping case described by Dr.

Nathan Stolow. 9 If this kind of framing is used, it may be well to place a

small sachet of indicator dyed silica gel so that it is visible through the
backing Mylar to act as a stabilizer and as a telltale of the internal R.H.
of the package.

o
Obtainable at Elkay's Products Company, Inc.

Q
Stolow, "Fundamental Case Design for Humidity Sensitive Museum Collec-

tions," op. cit . , p. 47.
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C. Temporary Framing in Standard Sized Frames

The conservatorial purposes of this kind of framing for objects on standard
sized mats are to allow: 1) any one picture to spend most of the year lying
flat in the darkness of a storage box; 2) a review of its condition and the
condition of its secondary materials in periodic inspections or whenever it
is handled for exhibition; 3) cleaning of the interior of the frame before
each use, together with a check of the dust seal and a renewal of the back-
ing papers.

Many ingenious methods of closure have been devised by museums for temporary
frames, usually employing solid back boards that fit into the rabbets in some
manner. A few examples are: A back board with tongued edges on three sides
that fit in grooves in the walls of the frame and with a fourth side whose
edge is fashioned to complete the fourth side of the frame. A back board
with two battons pivoted on its central axis so that they can be turned to

latch into slots in the walls of the frame. One of the most simple methods
is to fit a back board into a secondary rabbet in the top of the frame's
wall whose depth is a little greater than the thickness of the board and to

hold it in place with turn buttons or spring clips. The back boards are made
of any suitable, reasonably inert material: tempered masonite, plywood,
aluminum sheet, etc. To prevent the board from communicating any soil or

acidic contamination to the interior of the frame, its inner surface should
be coated with a material which can give a cleanable and fairly impervious
finish, like synthetic varnish, hard paint, allover adhered acid-free paper,
etc. Whatever the backing, the cracks are dust sealed with a pressure
sensitive tape that can be easily removed.

A CASE DESIGN FOR CONTROL OF ITS INTERNAL CLIMATE
IN A NON-AIRCONDITIONED ROOM

There are probably many ways in which a standard museum case could be modified
to meet this purpose. One possibility might be the following:

The case section should be light enough so that it can be carried or wheeled
to and from the curator's air conditioned workroom. It should be well con-

structed with sealed joints. Its wooden parts should be thinly coated on the

inside, and painted more heavily on the outside with oil paint or varnish or

the synthetic resin, Saran, to act as sealer and moisture barrier. Thus it

would be fairly airtight except for the cracks of the opening through which
most of the changing air would pass. In order to reduce the rate of air

change, as well as prevent the intrusion of dust and acidic impurities, the

outer edges of the opening could be bordered with rubber gasketing and the

inner edges with felt stripping into which an acid buffering material like

calcium or magnesium carbonate had been rubbed. All materials placed in the

case should be free of ingredients which could be harmful. Woods with strong
odors or resinous character should be avoided, as should rubber objects,

sulfur-bearing adhesives, unstable plastics, poor quality papers, etc. As

much moisture stabilizing material, like silica gel, should be included as
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the design of the case will permit. Silica gel has the advantage that it

reacts rapidly to changes of R.H. and has high moisture absorbing and emit-

ting properties. The crystals could be held in thin, screened frames or

panels whose size would be dictated by that of the case, so that they could

be fitted over the non-glazed surfaces. They, as well as all objects in the

case, should have been preconditioned for at least two weeks to the desired

relative humidity at the average temperature of the gallery. 1- Display papers

or cloths, themselves preconditioned and acid-free, could conceal the utili-

tarian panels. The case should contain a small dial hygrometer, carefully

calibrated before enclosure. The case would then be ready to be placed in

the gallery. When the internal R.H. changed significantly, the case would

be returned to the workroom and reloaded with fresh materials. This method,

for continuous use, would require that there be two sets of moisture stabil-

izing panels and display materials-- those in use and those being conditioned.

As a first step in reconditioning, the used silica gel must be removed from

the panels, dried in an oven at about 100°C for half a day and then kept at

the desired temperature and humidity for about two weeks, as could be done
if it were stored in trays in the air conditioned workroom.

SUGGESTED STORAGE METHODS

A. Unframed and Unmatted Materials

Each unmatted work of art on paper should have its own separate housing to

keep it as safe as possible, guarded from dust and direct handling. The
proper care of these objects has been simplified by several paper manufac-
turers . H There are available ready-made, acid-free folders, cases and boxes
of many shapes and sizes, as well as sheets of buffered papers of different
weights from which special containers can be fashioned. Figure 1, for ex-
ample, is a pattern for a dust-free case which could be used for objects too

thick to be held in ordinary folders. It was designed by Willman Spawn,
conservator of rare books of the American Philosophical Society, to permit
unbound pamphlets to be shelved and be safely accessible to the users of the
library. It can be made of acid-free Bristol stock.

Too available perhaps are prefabricated envelopes of all kinds made of trans-
parent, flexible plastics, which are being widely used by librarians and
curators without consideration of their lasting properties. Much of this
material is not meant for archival use. It has built-in plasticizers and
acid acceptors which eventually could break down, and in the process give
off substances which could be harmful to the enclosed papers. Mylar is the

lONathan Stolow, "Standards for the Care of Works of Art in Transit,"
Museum Climatology , IIC London Conference, rev. ed. (1968), pp. 271-283.

''See the catalogues of the Hollinger Corporation, of the Process
Materials Corporation and of TALAS.
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most inert of the flexible sheetings. Therefore, it is the only one which,

conservators insist, should be used with papers of value if a transparent

housing is needed. The recommended forms of Mylar are Type S and Type D

because they are the clearest. Both come in different thicknesses; two or

three mils being most satisfactory for making folders. Unfortunately, it is

not practical to form envelopes of Mylar by heat sealing the edges because
its melting point is too high. However, it can be sharply creased. Dr.

Organ of the Smithsonian Institution has suggested a form of archival folder
which is made by cutting 4-ply ragboard to the required size and creasing
around it a piece of Mylar cut to the width of the board and long enough to

overlap on the reverse where it can be fastened with a strip of transparent
plastic tape. The edges are left open for air circulation. The electrostatic
property of the plastic should be reduced by treating its outside surfaces
with anti-static polish.

B. Matted Pictures

Many museums and libraries house unframed, matted pictures in cabinets of

metal or wooden drawers. However, this arrangement requires the shifting of
upper items in order to remove a lower one,, while the user is often in un-
comfortable reaching or stooping positions. Storage in boxes seems the better
method. Then an entire box can be lifted from its shelf to a convenient table
and the upper items lifted completely out to secure the needed one. Each box
can contain a number of pictures of more or less equal size, but not so many
as to make the box too heavy to handle safely. The window mats should prevent
the lower pictures from being compressed by the upper ones. The solander box
made by Spink & Gaborc is to be recommended. Made of wood, it is strong and
rigid so that it can withstand handling, while containing its load, without
warping, sagging or twisting. The exterior is covered with dark bookbinder's
paper or cloth that does not scuff easily, and the inside with heavy, white,
glossy-surfaced paper which is easy to keep clean and which should furnish an
atmospherically safe enclosure. Its deep lid keeps out dust by overlapping a

lip on the edge of the box, and is hinged along one side of the bottom so

that when opened it lies flat on the table's surface.

Before being stored away, the picture and its matting is inspected, superfic-
ially cleaned or otherwise treated as the need demands. A piece of neutral
glassine or reflex matte paper J is inserted between the picture and the
window mat to guard the design from abrasion. Both of these materials are
sufficiently transparent to allow the picture to be seen clearly enough for
reference or identification and would have to be withdrawn only for study.
As slipsheets they are easy to handle, unlike soft tissue paper, and have no
electrostatic charge or harsh edges as the flexible plastics do. The picture
is placed in the box which is nearest its size to prevent sliding within the
box and possible injury by small objects cornering under the windows of larger
ones

.

12
Obtainable from TALAS or in bulk from the Riegel Paper Corporation.

13
Obtainable from the Process Materials Corporation.
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C. Framed Pictures

Vertical stalls are the favored storage for framed works of art on paper.

The stalls should be narrow enough so that each can hold only two pictures.
The flooring should be carpeted or otherwise padded to prevent harmful
vibrations and frame injury. Storage on standard museum screens is another
possibility. Yet the action of movable screens is often too jarring for

delicate objects; and the hanging or removing of pictures made heavy with
glazing can be troublesome and dangerous. If lights must be kept on in the

room where framed pictures are housed, the storage area should be curtained
off so that these objects will have their share of darkness.
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SECTION III

THE SPACE AND FURNITURE FOR THE CARE OF PAPER

In a crowded museum where space is already at a premium, it may be difficult
to allocate special rooms for paper holdings. Yet a determined review of

the building could turn up unused or inefficiently used space which with in-

genuity could be converted to the purpose. A separate area is the most
practical way to care for this damage-prone material so effected by environ-
mental conditions. There should be at least two rooms, one for storage and
the other for the curator's workroom. It must be an area whose atmosphere
can be controlled: the air washed and filtered, the temperature kept at a

level consistent with human comfort and the relative humidity maintained
between 40 and 50 percent. There need be no natural light, in fact it would
be better to have none in the storage room. The general lighting should be
fairly low yet evenly distributed.

Furniture of the Storage

Double- or triple-decked racks of open ended, carpeted slots or bins, grad-
uated in height, sufficient in number and size to hold the framed papers of

the collection with space for expansion.

Or, if screens are preferred, the stationary ones with ample walkways between
each. Movable screens are apt to vibrate or move unexpectedly when a picture
is being hung and restrict the use of the unoccupied area of the room.

Open racks or closed cabinets for the storage boxes, with shelves placed
close enough together so that the boxes cannot be stacked one on top of

another

.

A small table on wheels, or a large cart, on which a required box can be
placed directly from its shelf rather than having to be carried to a station-
ary table.

Furniture of the Workroom

A sink as large as the space will permit, made of stainless steel or some

other material easy to keep clean; one faucet equipped with a de-ionizing
device.

A sink counter with drawers and cupboards for utensils, and vertical slots
for washing trays, glass plates, Masonite or plywood panels, etc.

A small laboratory oven capable of holding an even temperature with a range
up to 150°C.
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A small laboratory refrigerator.

A metal cabinet for all kinds of powders, liquids, etc., especially for those

which are inflammable.

Pegboard racks for tools and a supplementary tool kit equipped for any emer-

gency or routine work in the museum.

A tiered rack for large rolls of paper and at least one large shallow drawer-

ed map cabinet for stocks of papers and cardboards.

As much drawer and table space as the area allows. In the center of the room,

or in a position so that it is free on all sides, a large, fairly low table

(30
n high), or, even better, two moderate sized tables of the same height so

that they can be pushed together for big jobs. All work surfaces should be

covered with a cleanable material, like Formica.

Several incandescent or filtered fluorescent lamps to supply local light when
needed. A source of clear, stable light to be used for examination and color
matching which could be either a simple incandescent lamp like a Tensor or a

bank of selected fluorescent tubes like a fixture by the Macbeth Corporation.

An area set aside for examination: a table with an adjustable top like a

drafting table; a binocular microscope with good working distance (ca. 5")

and a range of magnifications as from 5X to 30X; if fibers are of interest,
a small polarizing microscope.

A light box, camera, tripod and easel.

Within easy accessibility, not necessarily in the workroom, an adequately
sized disinfecting chamber.
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FORMULAS

Mold Nutrient , for exposure in Petri dishes to test room conditions (see

Section I, "Molds and Insects").

Agar-agar 5 grams (gm.) or 2 1/2 teaspoons (t.)

Powdered Malt Extract 5 gm. or 2 1/4 t.

Sodium Chloride (do not use table salt) 25 gm. or 4 1/2 t.

Distilled or De-ionized Water 250 ml. or 8 3/4 fl. oz

.

Mix ingredients and boil with constant stirring until the agar is dissolved.
Pour into Petri dishes that have been sterilized in boiling water. Fill
dishes half full and cover immediately. Allow the medium to cool and harden,
and most of the moisture condensed on the inside of the cover to evaporate.
After a 15- or 20-minute exposure of the medium in the room being tested,
cover and place dishes under a sterilized bell jar with a vaseline seal
between its rim and the sterilized surface on which it rests. The surface
can be a sheet of glass. The sterilization of it and of the bell jar can be
done by washing in hot water and wiping, just before use, with alcohol. For
the necessary moisture, include in the jar a small container of water that
has been boiled. Allow to stand for a week or two. The severity of the

conditions in the room is indicated by the number of spots of innoculation
and the variety of the mold growth.

Fungicide for Pastes , etc.

Thymol Crystals
Methyl Alcohol or Denatured Alcohol 50 ml. or 1 3/4 fl. oz.

Put a teaspoonful of the crystals in the alcohol. Stir until dissolved.
Continue to add the crystals in smaller amounts, stirring after each addi-
tion, until they are slow in dissolving, giving a solution close to satura-
tion.

Make in small amounts because the solution tends to darken with time. Use a

dark glass container or one wrapped with black tape. Keep in a dark, cool
place.

Caution : The alcohols are toxic, therefore the container should
be marked "POISON".

Magnesium Bicarbonate Water for neutralizing pastes and secondary papers and
increasing the buffering property of buffered backing papers.

1. Made with proprietary soda water:

One bottle of soda water (Canadian Club)
Powdered Magnesium Carbonate
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Put the magnesium carbonate in an empty bottle of slightly greater capacity

than the soda water bottle and one with a tightly fitting cap or cork. Place

both bottles in a refrigerator overnight or until thoroughly chilled. The

reason for keeping the materials cold is to increase the quantity of the mag-

nesium carbonate that will go into solution. As quickly as the operation can

be done, open the soda water bottle and pour the charged water into the mag-

nesium carbonate bottle. Cap firmly and agitate gently for a short period.

Return to the refrigerator. Keep the magnesium carbonate from settling for

the next half hour by repeating the periods of gentle agitation and return

to the refrigerator. Allow the excess magnesium to settle for several hours

or overnight. Siphon off the clear liquid. Keep firmly capped and cool.

2. Made with a soda water siphon:

The most convenient way to make magnesium bicarbonate water is with a stand-

ard, strong walled, soda water siphon. It must be modified by cutting a

generous inch off the siphon tube so that its end will be clear of the sedi-

ment of undissolved magnesium carbonate.

Distilled Water or De-ionized Water 300 ml. or 10 1/2 fl. oz

.

Powdered Magnesium Carbonate 6 gms . or 9 t.

Put all ingredients and the siphon bottle in the refrigerator until they are

thoroughly chilled. As quickly as possible so that the temperatures will re-

main low, mix the water and magnesium carbonate, and funnel the mixture into

the siphon bottle. Discharge the carbon dioxide cartridge. Return to the

refrigerator and allow the undissolved magnesium to settle for a number of

hours or overnight. Siphon off the clear liquid. Keep firmly capped and

cool

.

Adhesives

An ideal adhesive for use on valuable papers should:

1. Retain bonding properties sufficient for the particular use.

2. Remain acid-free.
3. Be no more subject to discoloration than the paper itself.
4. Be no more subject to mold or insect attack than the paper.
5. Remain readily soluble in its original solvent (water soluble ad-

hesives being preferred far above all others).
6. Have a reasonably long shelf life.

7. Be easy to prepare.

Unfortunately there is, at least as far as the writer knows, no single package
adhesive that meets all of these specifications. Unmodified proprietary mate-
rials fall especially short:

a. Commercial pastes and synthetic emulsion glues are acid and tend to dark-
en and become brittle with time.

73



b. Pressure-sensitive tapes should never be used in direct contact with

papers of value. They are not designed for archival purposes and many can

be actually destructive, communicating discoloration and causing brittleness

The adhesive of even the most long-lasting of these tapes hardens and be-

comes difficult to remove.

c. Gummed paper tapes, like the stamp-hinge variety, are not recommended
for mounting tabs. The adhesive is neither strong enough nor enduring, and
the paper is usually acidic glassine, a material that becomes brittle and

weak.

Formulas for three adhesives are given in the following paragraphs. All of

them have their drawbacks. Yet if the curator keeps on hand the materials
with which to make them, and if he has the persistence to use them within
the suggested limits, his principal needs should be successfully met.

Primary Paste

This adhesive is smooth, strong and white and retains its tack even when di-

luted to a thin consistency. It is safe to use for any purpose involving
direct application to papers of value. It is thoroughly time tested, having
been used by generations of Oriental mounters and for many years having been
a favorite among paper conservators. Because it has withstood the test of
actual time, it is suggested as the only adhesive which should be used if it
is to become an integral part of the paper support, as in the mending of
edge tears

.

Its faults are that it requires time and care to make and to prepare for use.

Also it has a fairly short shelf life and must be discarded the moment it
shows signs of spoiling. These factors are not troublesome to the shop in

which the making of paste is a daily routine, but they can become a bother
to the curator who may require an adhesive only at odd intervals.

Wheat Starch
'

Distilled or De-ionized Water
Thymol solution

30 gm. or 12 1/2 t.

150 ml. or 5 fl. oz

.

9 or 10 drops

Some conservators use. rice starch or the flour of wheat or rice.
But the first has been found to be somewhat less stable than wheat
starch. The other two introduce unnecessary ingredients, and
sometimes have had particles which do not soften in the cooking.

Put the water in the upper part of a double boiler and, before cooking, soak
the starch in it for about half an hour with occasional stirring, until the

starch is thoroughly saturated. Cook over slowly boiling water with constant
stirring for about 20 minutes. The material will become thick and opalescent,
It will go through a very stiff stage, then, toward the end of the cook, will
become less stiff and easier to stir. At the end of the cook, add the drops
of thymol solution. Put in a storage jar which, together with its lid, has

74



been wiped with a swab dipped in the thymol solution,

place.

Keep in a dark, cool

To prepare for use, break down an amount of the storage paste sufficient for

the need by pressing it with a spoon or spatula through a strainer. The

strainer can be a circular Japanese sieve or, for a small quantity of paste,

a piece of synthetic screening held over the paste dish. Dilute it with a

mixture of distilled or de-ionized water and magnesium bicarbonate water
which, in order to achieve a neutral paste, should test by pH indicator tape

to be slightly alkaline. The amount of dilution, best judged by experience,
depends upon the thickness of the paper and its reaction to the aqueous ad-

hesive. For most uses, however, this strong paste, which could pucker the

paper if used too thickly, should be diluted to a fairly thin, cream-like
consistency, such that it will form slow, small drops from a tipped spoon.

Secondary Paste

Secondary paste is intended to be an adhesive which is easy and convenient
to prepare in small or large amounts and to be available for occasional use.

Its major purpose for the paper curator is to serve as the adhesive for the

attachment of mounting tabs. The initial making of the two components of

secondary paste requires a little time and care, but because each has a good
shelf life, it can be made in stock amounts. The combination of the two and
their dilution (as described for primary paste) should be done fairly soon
before use. Because of its hygroscopic character, the diluted paste loses

its effectiveness as an adhesive after more than twelve hours.

Component A

Schweitzer's Dry Wheat Paste No. 6

Magnesium Carbonate Powder
Distilled or De-ionized Water

20 gnu or 10 t,

2 gnu or 1 t

200 ml. or 7 fl. oz

,

Put the water in a cooking pan. Mix the powders and stir them into the water
until thoroughly saturated. Bring to a boil over moderate heat while con-
stantly stirring. Allow to boil for a minute or two. Pour into a storage
jar which has been swabbed with the thymol-alcohol solution. Allow to cool
before capping.

Component B

Methyl Cellulose Paste Powder
Distilled or De-ionized Water

7 gm. or 3 t,

235 ml. or 8 fl. oz,

Stir the powder into the water. After 20 or 30 minutes stir again very
thoroughly. Put into a sterilized storage jar.

Preparation for Use

Mix the needed amount of A and B together in the proportion roughly of 55% A
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to 457o B. Dilute with a mixture of distilled or de-ionized water and magnesium
bicarbonate water to achieve a slightly alkaline (pH 7.5 - 8.0) solution.

Dilute to the consistency desired (that of a thick cream is most useful).

Press through a strainer to remove any lumpiness.

Caution : Together these components make a good, white, maneuv-
erable and enduring adhesive. It is important that they not be used
separately. Component A should not be used alone because it becomes
somewhat brittle and difficult to dissolve when aged. Component B

is too easily reactive to moisture and has not the necessary tack to

be a good adhesive by itself.

The Mix1

Often a stronger adhesive than standard paste is needed in the forming of

special mattings and framings. The Mix could be excellent for such purposes.
It is a mixture of methyl cellulose and polyvinyl acetate emulsion, specific-
ally Jade No. 403, the synthetic white glue found to be most reliable. It is

more plastic, maneuverable and slower setting than the white glue itself.

Its strength depends upon the amount of PVA emulsion incorporated in the mix-
ture. An astonishingly small amount is required for a strong adhesive. A
recommended mixture is

:

Methyl Cellulose Paste (Component B above) 10 parts
Jade No. 403 1 part

Caution : This adhesive should not be used in direct contact
with a paper of value because it is slightly acid and is not
soluble in water alone. It swells and softens in water, but for

complete removal toluene is also required.

The originators of the name and the basic formula of this useful adhe-

sive are W. H. Phelan, N. S. Baer and N. Indictor, op. cit . , pp. 58-75.
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MATERIALS AND UTENSILS FOR THE WORKSHOP

NOTE: The key to the Source References is on pages 87

Adhesives and Adhesive Tapes

Dennison's Mending Tape, white gummed cloth, 1" wide

Dry Wheat Paste No. 6

Flour and Starch:

Rice
Wheat

Glycerin
Karo
Masking Tape, 2" and 1"

Methyl Cellulose Paste
Permacel J-Lar Tape No. 910M
Polyvinyl Acetate Emulsion ("White Glue"):

Jade No. 403
Promatco A- 1023

Promatco Heat-set Tissue
Size:

Laboratory Gelatin, or

Knox Unflavored Gelatin
3M Magic Mending Tape No. 810

91

Source
References

1, 12, 31, 88

88

6, 58, 79, 88

6, 49

8, 45, 90

4

1, 5, 12

88

69

88

72 , 88

72

8,
A

45, 90

1, 5, 12, 91

Applicators and Brushes

3, 27, 55

3, 27, 55

3, 4

Cotton- tip Applicators, large and small, like those by 3, 27, 55

Crocker Fels or Bauer & Black
Cotton Balls, large, unsterilized, as above
Combed Cotton Batting, roll, as above
Toothpicks, round, wooden
Artists 1 Soft Natural Haired Brushes, watercolor and oil 1, 34

paint, of different shapes, from very fine to thick,
broad brushes. Good quality brushes, like those by
Grumbacker and Winsor & Newton are a lasting investment.

One or two Artists' Stiff Bristled, Oil Paint Brushes, about 1, 34
1/2" wide; one of spread-fan shape is useful in brushing
eraser crumbs from a paper.

Japanese Mounters' Brushes: 95

water brush (mizu bake) , paste brush (nori bake ),

smoothing brush (nade bake )

2" Very Soft Brush, sable or badger, for the gentle dusting 1,

of papers
2" House-paint Brush for dusting frames (blond bristles are 5,

better than dark because it is more apparent when they
are soiled)

Bottle Brushes, small and large 7, 8,

Scrub Brush, small 5, 7

34

34

45, 90
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Artists' Materials

Source
References

Acrylic Polymer Emulsion Artists Colors, set of, like
"Liquitex" by Permanent Pigments, or "Hyplar" by

Grumbacker-
Bamboo Knife
Bamboo Folder
Brayer, solvent-resistant plastic, like those used by

printers
Burnisher, agate
Compass
Drawing Inks

:

Higgins India Drawing Inks
Staedtler Mars Inks-745 (if the cylindrical pen is used)

Drawing Pens

:

Crow Quill
Nibs of different sizes
Cylindrical Pens, like Staedtler Mars-700

Drawing Pencils:
Graphite, hard and soft
Charcoal, hard and soft
Carbon, hard and soft

Drawing Triangles
Eraser, Eberhard Art Gum
Eraser, Opaline Cleaner Pad
Eraser, Pink Pearl, No. 101, or
Eraser, Ruby Eberhard Faber, No. 212
Forceps (tweezers):

Curved, corrugated nose
Straight, splayed nose

Gesso, "Hyplar" (Grumbacker) or "Liquitex" (Permanent Pig-
ments) - for filling losses in surfacing of frames

Molding Powder, as above - for patching losses in frames

Pastels, soft, set of, like "Rembrandt" by Talens and Zoon
of Holland

Pallettes, cup or saucer type, for washes
Plastic Filling Instrument, 7" long

Ruler with lifted edge, 18" wood or stainless steel, with
inches and centimeters

Spatulas:
4" and 7" blade
Casselli Spatula, 6" long

Toners, Rub 'n Buff Metallic and Wood Wax- Toners
Toners, Vehicle, set of, like "Instint" toners by All-Phase

Color Corporation of Los Angeles
T-Square, stainless steel, with long shaft
Watercolors, cakes, like those of Grumbacker or Winsor &

Newton

1, 34

14

1, 14

1, 34

25

1, 34

1, 34

1, 84

1, 34

1, 34

1, 84

1, 34

1, 34

1, 34

1, 34
1, 12, 88

1, 38, 88

1, 12, 88

1, 12, 88

34, 45 , 90

1, 5

1, 34

1, 88

1

44, 45, 90

88

1, 5, 15, 34,

1, 5

76

1, 34

1

- 78



Artists' Materials (continued)

Watercolors, Dr. Ph. Martin's Synchromatic Transparent
Wax Crayons, set of, like "Crayola" by Binney & Smith

Source
References

20, 88

1, 34

Carpenters' and Framing Tools

Awl
Brads, rust proof, various sizes
Braquettes (if desired)
Counter-sink Tool

Dividers
Drills, small set
Emery Boards
Escutcheon Pins, brass, 5/8"

Frame Bumpers

:

Rubber Headed Tacks , or

Small Rubber Pads with pressure-sensitive adhesive
Framing Tool with shallow head
Framing Tool with deep head
Glass Cutter
Hammer, small, with curved claw
Hammer , Tack
Hangers, Frame, hinged-loop type, several sizes
Hangers, Wall (hook and diagonally held nail), several sizes
Mats of open-meshed Polyethylene - for protection of frames

face down on worktable
Mats of carpeting or Batt Felt - for protection of heavy

frames as above
Strips of same for padding flooring of storage bins

Measuring Tape (with inches and centimeters) - Tapes like
the Lufkin (3 m. , 10 ft., W7210 ME) have flat edges for

standing the housings upright, and locking devices
to keep the tapes from rolling up

Metal Corner Angles
Micrometer, Vernier
Molding Hooks (if required)
Nail Set
Picture Wire, braided, of several weights
Pliers, blunt nosed
Pliers, diagonal cutting
Pliers, nail pulling
Putty Knife
Rabbet Plane, Stanley
Sandpaper
Saw, dove- tail

Screws, brass or rust proof, flat or oval headed
Screws, large steel, required sizes
Screw-eyes (for very small frames)

5, 76

5

1, 76

5, 76

5, 76, 88

5

3, 7

5, 76

5, 76

30

76

76

5, 76

5, 76

5, 76

1, 5, 43, 76

1, 5, 76

45
,
90

7, 96

7, 96

1, 5

5, 76

8, 42, 85

1, 5, 76

5, 76

1, 5, 76

5, 76

5, 76

5, 76

5

5, 76

5

5

5

5, 76

5, 76
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Carpenters' and Framing Tools (continued)

Screwdriver, small, with fine blade
Screwdriver, larger
Screwdriver, Philips
Sheets of single-strength glass
Sheets of 1/8" Plexiglas UF1 for frames and cases (thicker

for large spaces)
Sheets of Abcite (acquired as needed), (Lucite with a scratch

resistant coating) - for valuable objects
Shellac
Staple Gun, Swingline No. 901, Standard Duty
3-in-l Oil and dropper can
Turn-buttons - for some kinds of temporary framing
Varnishes
Yard Stick, stainless steel
Wrench, small

Chemicals (Reagent Grades, where applicable)

Merck Index , for information on all chemicals, includ-
ing toxicity

Acetone
Agar-agar, granular (if the growth of molds are of interest)
Antistatic Polish for Plastic Sheeting:

Roger's AR-8, or

"Like Magic"
"Cire 212", a proprietary toned wax for leather, incorpora-

ting a pesticide
Ethylene oxide-Freon, like "Penngas", a proprietary pesti-

cidal gas

Heptane
"Larvex", a proprietary pesticide containing sodium aluminum

silico fluoride
"Leather Protector", proprietary pesticide for leather con-

taining para-nitro-phenol
Lindane or Propoxur

Insecticides (especially for roaches) with fungicidal
properties

Magnesium Carbonate, powder
Methyl Alcohol or Methylated Spirits
Naphthaline Flakes, refined
Paradichlorbenzene, crystals
Petroleum Benzine (petroleum ether)
Pyrethrum
Silica Gel:

Natural, Grade 05

Tell-tale (dyed with a cobalt compound, Grade 42
Salicylanilide

Source

References

5

5

5

5, 13

13, 75

37

5

5, 34, 76

5

1, 5, 76

5, 34

1, 34

5

8, 45, 60, 90

8, 45, 90

8, 45, 90

74

88

56

68

8, 45, 90

5, 7, 52

88

5, 8, 9

8, 45, 90

8, 45, 90

3, 4, 5

3, 4, 5

8, 45, 90

53 , 88 , 90

53 , 90

90
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Chemicals (continued)

Source
References

Sodium Salicylanilide
Thymol, crystals
Toluene
Vaseline
"Xylamon-Clear , " proprietary wood surface agent incorporating

a pesticide

90

8, 45, 88, 90

8, 45, 90

3

32, 72

Containers and Volume Measuring Devices

Balance:
Ohaus Beam Balance, or

Mettler Top- loading Balance
Beakers, pyrex, several sizes (100 ml., 250 ml., 500 ml.,

and 1000 ml.)
Bell Jar (if the growth of mold is of interest)
Bottles of different sizes (narrow and broad mouthed)
Double Boiler
Droppers (300 ml. capacity)
Filter Paper (200 mm. in diameter)
Funnel, plastic (5" in diameter)
Measuring Cups
Measuring Spoons
Laboratory Graduates (100 ml. and 1000 ml.)
Petri Dishes or small glass bowls ("Aquaria")
Saucepans, two or three sizes
Silk-screen Frames, large and medium sizes - for supporting

papers in water bath
Soda-water Siphon, for making deacidif ication solution for

backing and hinging papers
Spoons, wooden and metal
Strainers for Paste:

Japanese (nori koshi) for large quantities;
Rectangles of polypropylene screening for small quanti-

ties

Trays, enamel or plastic that can withstand solvents
Watch Glasses (100 mm. in diameter)

8, 45, 90

8, 45, 90

8, 45, 90

8, 45, 90

7

8, 45, 90

8, 45, 90

8, 45, 90

7

7

8, 45, 90

8, 45, 90

7

34

5, 7

7

95

26

7, 8, 45, 90

8, 45, 90

Cutting Tools

Cutting Board with attached guillotine knife, like the
"Ingento" Boards

Mat Cutter and Blades:
Dexter Bevel Mat Cutter, or

Keeton Kutter
Knife with disposable blades, like Stanley No. 691 or

Stanley No. 299
Knife, heavy utility

1, 34, 76

1, 76

1, 23, 76

1, 5, 76

5, 7, 88, 90
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Source
References

Cutting Tools (continued)

Scalpel, Dissecting, with disposable blades: Handle No. 3, 45, 88, 90

Blades Nos . 15 and 10

Scissors, small and large 7, 34, 90

Electrical Equipment

Compressor and Spray Gun, like DeVilbiss EGA Series 502, with 5, 33, 34

nozzle for thin liquids and 6 oz. cups, or similar equip-
ment by Paasche

Dry-mounting Press, like one by Seal 11, 76, 77

Drying Oven, with thermostat, like one by Boekel - for condi- 8, 90

tioning silica gel
Exhaust Fan, or Fumehood 5, 7, 45, 90

Fumigating Chamber: Homemade thymol chamber, see Fig. 3;

and/or a chamber like Vacudyne Fumigator modified for 93

the sterilizing of single papers rather than books
Hand Iron (if a mounting press is not available) 5, 7

Hot Plate, one burner, like Model PC-35 with Pyroceram Top 45, 90

Humidifier and De-humidifier, movable units, if required 78, 41, 47, 94

Lamp of Clear Light for examination and color matching (pref-

erably with floor standard or ceiling suspension), like:

Examination Lamp H-32601 by Harshaw Scientific Co. ; or 50

Tensor lamps; or 89

a bank of lights like Macbeth Examolite TC-449 (all 57

fluorescent tubes covered with U.V. filters)
Photographers' bulbs: Dichroic filtered lamps, the PAR bulbs, 5, 11

75 W. and 150 W. by General Electric or Westinghouse
Tacking or Photographers' Iron with thermostatic control, 11, 76

like FotoWelder or No. 10 Welder

Flattening Equipment

Mats, gum-rubber, 1/4" thick. Suggested sizes: 2 - 36" x 86
36"; 4 - 18" x 18"

Panels, plate glass, 1/4" thick. Suggested sizes: 21" x 31", 13

four; 16" x 21", four; or

Panels, plywood, 1/2" thick. Suggested sizes: 2 - 31" x 41", 5

4 - 16" x 21"

"Spra-tool" by Crown Industries Products, Inc. 8, 28, 45
Weights, square and oblong, filled with sand, various weights, 9

homemade of closely woven cloth like mattress ticking or

heavy canvas and with washable slip covers. Suggested
sizes: 4 - 12" square, 14 lbs.; 4 - 6" x 16", 10 lbs.;

4 - 4" x 16", 6 lbs., 4 - 2" x 24", 2 lbs.; or

Long thin "snakes" containing lead shot, and/or 5

Long narrow strips of cloth with rectangles of lead

shot at each end to hold down a paper without direct
weight.
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Source
References

Flattening Equipment (continued)

Weights, square and oblong, filled with sand, various sizes 9

homemade of closely woven cloth like mattress ticking 7

or heavy canvas, and with washable slipcovers.

Suggested sizes: 4 - 12" square, 14 lbs.; 4 - 6" x

16", 10 lbs.; 4 - 4" x 16", 6 lbs.; 4 - 2" x 24", 2 lbs.

or

long, thin "snakes" containing lead shot, and/or 5

long, narrow strips of cloth with rectangles of lead

shot at each end to hold down a paper without direct
weight.

Fotoflat Weights by Seal, Inc. 76

Lamination Services , Archival quality - for seriously in- 18, 19, 24

jured documents that have no aesthetic value

Monitoring and Filtering Devices

Air Velocity Indicator, Floret
Acid-base Indicator Papers, short-range, to use with

liquids, like the pHydrion Papers, or

Short Range Alkacid Tapes
Acid-base Indicator Sticks, "Spezial Indikators"
Acid-base Indicator Solution, like Harleco Wide Range
Humidity Indicator Paper Tape, like "Humidicator"
Hygrometer, small dial, like the Durotherm or the Abbeon
Munsell Book of Color, Glossy-finish Collection with re-

movable samples, for a check on color stability after
exhibition or treatment

Pollution Indicator Kit
Psychrometer , like the Bendix Psychron
Psychrometer , Sling (Hygrometer)
Spot-Test Kit, W. J. Barrow's
"Sulfit Testpapier"
Thermometer, 50° C to 200 °C

Luxor Color Guard-Candlelite Fluorescent Tubes, or

U.V. Filtering Sleeves for all fluorescent tubes
De-ionizer (ion-exchange resins) for tap water
Weatherable "Mylar" W-2, U.V. Filter, yellow, different

thicknesses - for covering documents or any object
for which color is unimportant

Photometer, like IL 200 by International Light, Inc. 54

Optical Instruments

Binocular Loupe, like Optivisor Model DA- 5, working distance 34, 35, 42, 10
10"

Operation Microscope like Olympus Operation Microscope MTX 21
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45, 62

90

59

90

62, 88

66

64

64

22, 42
90

22, 45, 90

17

48
45, 90

39

82, 88, 97

29

13, 98



Source
References

Optical Instruments (continued)

Small Monocular Laboratory Microscope (if fiber and pigment 42
study is an interest)

Papers, Cardboards, Storage Folders and Storage Boxes

All-rag Matboard, 4-ply, cream or ivory and white 16, 23, 67, 72
All-rag Matboard, 8-ply, if required (as above) 23, 72

Acid-free Matboard, 4-ply, not all-rag, with an acid buffer 51, 72
in the paper finish

Alkaline (pH 8.0-8.5) Tissue, textured surface, white, 72

20"x30" - for buffering random acid within a housing

Permalife Bond Paper, white, 20 lb., 28"x30" - for protec- 51, 88
tive folder for work in process

Acid-free Lining Paper, white, 80 lb., roll 36" wide, or 72, 88
Acid-free Wrapping Paper, red-brown, roll 26" wide - for 72, 88

protective paper for work in process
Permalife or Hollinger Bristol Board, buff, .010" thick, 51, 88

25"x30", or
48" wide by the running foot, and 51

Featherweight Board, white on both sides, 30"x40" - for 23

backing material for frames; the latter for large frames
All-rag Colored and Antiqued Papers:

Italian (Fabriano) 16, 72

French (Ingres) 88
English (Mediaeval Demy, Dover and Powell) 88

Japanese 14, 16
- for decorating or antiquing window mats

Blotting Paper, white, 24" x 38" (Note: rolled botting paper 80, 88
is not satisfactory because of the persistent set of

the curvature.) - and
Acid-free Blotting Paper, 17"xl7" 83

Neutral Glassine, white, 20 lb., 36"x24", or 73, 88

Reflex-Matte Paper, grade 85, 30"x40" - for slipsheet 72

between art object and window mat
Kizuki-Banshi , natural color, both weights, 20"xl5", 21"x 95

28"; also
Sekishu, white or natural, 24"x39" - for mounting tabs 88

Tengujo , natural color, both weights, 38"x20" and 23"x35" - 95

for mending edge tears
Wax Paper, white, roll - for slip papers to hold substances 4

in weighting operations
Kraft Wrapping Paper, 50 lb., brown, roll 48" wide - for 2, 76

worktable covering and ordinary uses, as for package
wrapping

Acid-free Permalife or Hollinger File and Map Folders 51, 88

Acid-free Permalife or Hollinger Opaque Envelopes, several 51, 88

sizes
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References

Papers, Cardboards, Storage Folders and Storage Boxes (continued)

Acid-free Completely Enclosing Cases for Pamphlets, fixed 51

sizes by Hollinger, or

Homemade to any size from Permalife Bristol Stock according 51

to the Willman Spawn pattern (see Figure 1)

Acid-free Manuscript Cases, made of heavy cardboard, 15" x 51, 70, 88

12 1/2" x 3", 17 1/4" x 11 1/2" x 3 1/4", or made to

requirements
Solander Boxes (Print Cases), wooden frame, cloth bound, dust 81, 88

proof, acid-free lining, all 2 1/2" deep, 11" x 14",

14 1/4" x 19 1/4", 16" x 22", 19" x 24", 22" x 28"

(other sizes made to order)

Photographer's Supplies

Camera to suit needs. Suggestions: 35 mm. camera for color- 11

ed photographs; camera equipped with a Polaroid Film
Holder, No. 500, to hold 4"x5" Polaroid-Land Film Packets

Tripod
Lamp stand like Pic Featherlite Stand
Gator-grip Lamp Shades
Kodak Neutral Test Card
Extension Tubes, set of, for details
Exposure Meters, like Gossen's Lunar Pro
Easel (designed so that, if required, it can hold unpapers 76

in an upright position). Note: A plywood board to

which Velcro Cloth has been allover adhered fullfils
this function. Rectangles of Velcro Hook Tape placed
around the edges of a paper will hold it upright, even
though it is limp.

Protective Devices

Face Mask, like

Custom Comfo, or 63

DeVilbiss MSP-505 Respirator (BM2304 Facepiece and 33

package of 12 cartridges for organic vapors MSE-506)
Gloves, white cotton
Gloves, Polyethylene, disposable, roll of 100 - for protection 45, 88, 90

against mildly toxic chemicals and for cleanliness
Laboratory Coats 8, 45
Aprons, resistant to mild acid and base 8, 45, 90

Synthetic Flexible Sheeting

Mylar Type S or D (the clearest of the Mylar sheeting),
.005" thick, 25"x40" - for creasing around 4-ply rag-

board to form transparent folders

37, 34, 46,

88, 92

85 -



Source
References

Synthetic Flexible Sheeting (continued)

Polyester Paper, Grade 3240, .005" thick, white, roll 52" 40

wide - for lifting papers out of water bath and for use

during pasting operations
Polyester Web, .003" thick, white, roll 36" wide, 3MFibremat 71

2538 I - for sandwiching fragile papers during bathing
Polyethylene sheeting, all purpose, heavy gauge, .005" thick, 5, 7, 34

clear, roll 10 ' x 25' - for lifting papers out of water
bath

Polypropylene Screening, Style 6957500 - for covering silk- 26

screen frames to be used in bathing fragile papers
Note: The material may require preliminary washing

in soapy water to remove oils used in weaving
Promatco Heat-set Tissue, white, roll 19 1/2" wide - for 72

reinforcement of newspapers and other documents of no
great consequence or aesthetic value
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KEY TO SOURCE REFERENCES

Source Ref-

Sources erence Nos

,

Art Store 1

Commercial Paper Supply House 2

Drug Store 3

Grocery Store 4

Hardware Store 5

Health Food Store 6

General Department Store 7

Chemical or Scientific Supply House 8

Garden Supply House 9

Optical Supply House 10

Photographic Supply House 11

Stationers 12

Glass and Plastics Distributor 13

Aiko's Art Materials Import, 714 N. Wabash Ave., Chicago, 14

Illinois 60611.

American Art Clay Company, Inc., Rub 'n Buff Division, 15

Indianapolis, Indiana 46268.

Andrews /Nelson/Whitehead, 7 Laight St., New York, New York 10013. 16

Applied Science Laboratory, 218 North Adams St., Richmond, 17

Virginia 23220.

Arbee Company, Inc., 6 Claremont Rd., Bernardsville, N.J. 07924. 18

Archival Restorations, Inc., 84 Bethlehem Pike, Philadelphia, 19

Pennsylvania 19118.

B. Aronstein & Company, Flushing, New York. 20

Atlantic Instrument Company, 20 Berwick Rd., Philadelphia, 21
Pennsylvania 19131. (Distributors for Zeiss and the

Olympic Optical Company of Japan.)

- 87 -



Source Ref-

Sources erence Nos

.

Bacharach Instrument Company, Division of AMBAC Industries 22

Inc., 625 Alpha Dr., Pittsburgh, Pennsylvania 15238.

Charles T. Bainbridge ' s Sons, 20 Cumberland St., Brooklyn, 23

New York 11205.

W. J. Barrow Laboratory, State Library Building, 11th and 24

Capitol Streets, Richmond, Virginia 23119.

Arthur Brown & Bro., Inc., 2 W. 46th St., New York, New York 10036. 25

Chicopee Manufacturing Co., Cornelia, Georgia 30531. 26

Crocker-Fels Company, Gest and Dalton Sts., Cincinnati, Ohio 45203. 27

Crown Industrial Products Co., Hebron, Illinois 60034. 28

Crystal Research Laboratories, Inc., Hartford, Conn. 06100. 29

Dabill Company, Inc., 230 Chittenden Rd. , Clifton, N.J. 07013. 30

Dennison Manufacturing Company, 300 Howard St., Framingham, 31

Massachusetts 01701.

Desoway-chemie Gesellschaft MBH, Dusseldorf, West Germany. 32

DeVilbiss Company, 292 Phillips Ave., Toledo, Ohio 43601. 33

Dick Blick, P. 0. Box 1267, Galesburg, Illinois 61401. 34

Donegan Optical Company, Inc., 1405 Kansas St., Kansas City, 35
Missouri 64127.

Dow Chemical Company, Abbott Rd. , Midland, Michigan 48640. 36

E. I. DuPont de Nemours Company, Inc., Plastics Division, 37
Wilmington, Delaware 19898.

Durasol Drug & Chemical Company, 325 Marginal St., East Boston, 38

Massachusetts 02128.

Duro-Test Corporation, North Bergen, New Jersey 07047. 39

Eaton-Dikeman Company, Mount Holly Springs, Pennsylvania 17065. 40

Ebco Manufacturing Company, 401 W. Town Street, Columbus, Ohio 41
43215.
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Source Ref-

Sources erence Nos

.

Edmund Scientific Company, 400 Edscorp Building, Barrington, 42

New Jersey 08007.

Elkay's Products Company, Inc., 35 Brown Ave. , Springfield, 43

New Jersey 07081.

Ettl Studios, Inc., Ettl Art Center, Greenwich, Connecticut 06830. 44

Fisher Scientific Company, 711 Forbes Ave., Pittsburgh, Pa. 15219. 45

Franklin Fibre-Lamintex Corporation, 13th and Governor Printz 46

Blvd., Wilmington, Delaware 19899.

Fresh'nd-Aire Company, Division of the Cory Corporation, 3200 W. 47

Peterson Ave., Chicago, Illinois 60645.

Gallard-Schlesinger Chemical Manufacturing Corporation, 584 Mineola 48

Ave., Carle Place, Long Island, New York 11514.

General Mills, Special Commodities Division, 9200 Wayzota Blvd., 49
Minneapolis, Minnesota 55425.

Harshaw Scientific Company, Jackson and Swanson Sts., Philadelphia, 50

Pennsylvania 19148.

Hollinger Corporation, 3810 S. Four Mile Run Dr., Arlington, 51

Virginia 22206.

Household Products Division, Chemway Corporation, Wayne, N.J. 07470. 52

Hunt Sales Co., 304 Wessling Circle, Baltimore, Maryland 21228. 53

International Light Co. , Dexter Industrial Green, Newburyport, 54

Massachusetts 01950.

Kendall Co., Bauer & Black Div., Chicago, Illinois 60606. 55

Laboratoire de cryptogamie, Mus6e Nationale d'histoire naturelle, 56

12 rue Buff on, Paris, 5e, France.

Macbeth Corporation, Division of Kollmorgen Corp., P. 0. Box 950, 57
Newburgh, New York 12550.

Matheson Coleman and Bell, Division of Matheson Company, Inc., 58
Norwood (Cincinnati), Ohio 45212.

E. Merck (of Darmstadt, West Germany), E. M. Laboratories, 59
Executive Blvd., Elms ford, New York 10523.
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Source Ref-

erence Nos .

60

61

62

63

Sources

Merck & Company, Rahway, New Jersey 07000.

Metronics Associates, Inc., 3201 Porter Drive, Palo Alto,
California 943.04.

Micro Essential Laboratory, Brooklyn, New York 11210.

Mine Safety Appliance Company, 201 N. Braddock Ave. , Pittsburgh,
Pennsylvania 15208 o

Munsell Color Company, Inc., 2441 N. Calvert St., Baltimore, 64

Maryland 21218.

National Curtain Company, 31 W. 27th St., New York, New York 10001. 65

National Scientific Company, 25200 Miles Ave., Cleveland, Ohio 44146.66

Olin Duff, Inc., 465r Cambridge St., Boston, Massachusetts 02134. 67

Pennsylvania Engineering Company, 1107 N. Howard St., Philadelphia, 68

Pennsylvania 19123.

Permacel, U.S. Highway No. 1, New Brunswick, New Jersey 08903. 69

Pohlig Brothers, Inc., 25th and E. Franklin Sts., Richmond, 70

Virginia 23223.

Prehler Electrical Insulation Company, 5698 Rising Sun Ave. , 71

Philadelphia, Pennsylvania.

Process Materials Corporation, 329 Veterans Blvd., Carlstadt, New 72

Jersey 07072.

Reigel Paper Corporation, Milford Mill, Milford, New Jersey 08848. 73

Rogers Anti-Static Chemical, Inc., Vitaliner Company, Inc., 74

22 W. Madison St., Chicago, Illinois 60602.

Rohm & Haas, Independence Mall West, Philadelphia, Pa. 19105. 75

S & W Framing Supplies, Inc., 431 Willis Ave., Williston Park, 76

New York 11596.

Seal, Inc., Shelton, Connecticut 06418. 77

Sears Roebuck and Company, department store in locality. 78

D. & L. Slade Company, 189 State St., Boston, Massachusetts 02109. 79

- 90 -



Source Ref-

erence Nos .

80

81

82

83

84

Sources

J.L.N. Smythe Company, 2301 Cherry St., Philadelphia, Pa. 19103

Spink & Gaborc, Inc., 32 W. 18th St., New York, New York 10011.

Solar-Screen Company, 1032 Whitestone Parkway, Whitestone, New

York 11357.

Sorg Paper Company, 901 Manchester Ave., Middleton, Ohio 45042.

J. S. Staedler, Inc. , .Department 77, P. 0. Box 68, Montville,
New Jersey 07045.

L. S. Starrett Company, Athol, Massachusetts 01331. 85

Stockwell Rubber Company, Inc., 1117 Shackamaxon St., Philadelphia, 86

Pennsylvania.

Sun Screen, Inc., 150 12th Rd., Whiteside, New York. 87

TALAS, Technical Library Service, 104 5th Ave., New York, New 88

York 10011.

Tensor Corporation, 333 Stanley Ave., Brooklyn, New York 11207. 89

Arthur H. Thomas Company, P. 0. Box 779, Philadelphia, Pa. 19105. 90

3M Company, 3M Center, Building 230, St. Paul, Minnesota 55101. 91

Transilwrap, Inc., 2741 N. 4th St., Philadelphia, Pennsylvania 19133.92

Vacudyne Corporation, 375 E. Joe Orr Rd., Chicago Heights, Illinois 93

60411.

Walton Laboratories, Division of Melnor Industries, Moonachie, New 94

Jersey 07074.

Washi No Mise, 2583 Turk Hill Rd., Victor, New York 14564. 95

H. Waterbury & Sons Company, Oriskany, New York 13424. 96

West Lake Plastic Company, W. Lenni Rd. , Lenni Mills, Pa. 19052. 97

Martin Processing Company, Martinsville, Virginia 24112. 98

- 91 -



FIGURE 1

FOLDER

f - 1/4"

Z + 1/16"

Side 1

*<c Z + 1/16" 5»<^-^<: Z + 1/8" —e»<r-^5«e- Z + 1/8" $>

Side 2

Y + 1/32"

f

Side 3

Maximum Height of pamphlet = X
Maximum Thickness of pamphlet = Y
Maximum Width of pamphlet Z

To enclose pamphlet in folder:
1. Crease all folds.
2. Lay pamphlet on side 2.

3. Cover pamphlet by folding over Side 1.

Flap A

Side 4

Flap A

Flap B

4. Turn the whole onto Side 3.

5. Fold down Flaps A.

6. Cover with Side 4 and tuck Flap B under Flaps A.

To be made of acid-free material like Permalife Cover or Bristol

(Folder designed by Willman Spawn, Conservator, American Philosophical Society Library.)
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FIGURE 4

A METHOD OF MATTING A WORK OF ART ON PAPER

-asffe

'

3.
-z

^r

5
-1

1. Window and Supporting Mats, made of 100% Ragboard.

2. White Cloth Gummed Tape.

3. Hanger of Japanese Long-Fibered Paper adhered with Water-Soluble Paste.

4. Hinge of same material.

5. The Print or Drawing.
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FIGURE 5

FRAMING
(Letters refer to those on the diagram)

B.

C.

D.

E.

F.

G.

H.

I.

J.

K.

Backing paper and dust cover; could be made of good quality, and there-

fore strong, wrapping paper like Kraft, or acid- free wrapping paper
from Process Materials Corp., or, for large pictures, "Featherweight
Board" by Bainbridge.

Backing cardboard to be a stiffener and protection against mechanical
damage from the rear; could be made of 4-ply, acid-free "Conservation
Mounting Board" obtainable from the Process Materials Corp.

Acid-free barrier paper to absorb random acidity within the frame; could
be "Permalife" bond or ledger paper from Talas or the Hollinger Corp.,
3810 South Four Mile Run Drive, Arlington, Virginia 22206.

Backing mat made of neutral 4-ply Ragboard.
Art object.
Window mat made of neutral 4-ply, or thicker, Ragboard.
Glass

.

Adhesive seal; could be a PVA emulsion like Schweitzer No. 5714.
Retaining tacks. These should be rust proof, such as brass escutcheon

pins.

Dust seal; could be made of pressure-sensitive transparent tape, like

3 M's Scotch Magic Transparent Tape, No. 810.

Rubber headed tacks or rubber bumpers placed at the bottom corners to

space the picture from the wall for air circulation.

/<

I
S*a<^

*^-^2sx^< &,'B

CROSS SECTION OF A PACKED FRAME
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FIGURE 6

PAPER LABORATORY- -EXAMINATION FORM

Object: Object No.

:

Size (inches and Height 1) Width 1)

centimeters): 2) 2)

3) 3)

Thickness:

Description of measurements (unless otherwise indicated, the height is

taken along the left side, the width along the bottom).

Marks that distinguish object from any other:

Condition photographs (kind, number and dates)

Observations made from examination (including microscope, different lights,
chemical analysis, etc.):

Description of framing and mounting of object as received:

Examiner: Date:
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Examination Form (continued)

MATERIALS AND CONSTRUCTION

SUPPORT

Materials

:

Method of Fabrication:
If laid, intervals of chain lines:

Watermark:

Surface Character and Original Color:

Effect of Solvents on Sizing and Color:

Former Treatment:

DESIGN

Media:

Techniques

:

Solubilities

:

Former Treatment:

SURFACE COATING

Material:

Solubility:

Original or Later Application:

q«



Examination Form (continued)

DESCRIPTION OF CONDITION

1. Weakness of Materials:

2. Defects in Construction:

3. Tear:

4. Disjoin or Cleavage:

5. Crackle or Crazing:

6. Missing Part or Hole:

7. Flaking or Chipping:

8. Abrasion:

9. Bulge, Warp or Draw:

10. Wrinkle, F'jld or Crease:

11. Scratch:

12. Corrosion:

13. Darkening or Yellowing:

14. Stains

:

15. Fading or Blanching:

16. Mold or Insect Damage:

17. Accretions

:

18. Dullness

:

19. Other:
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Examination Form (continued)

LABORATORY TREATMENT

Object: Object No,

Date Treatment

- 100



BIBLIOGRAPHY

Amdur, E. J. "Humidity Control— Isolated Area Plan," Museum News , Part II,

Technical Supplement No. 6, Vol. 43, No. 4 (December, 1964).

Banks, P. N. "Paper Cleaning," Restaurator , Vol. 1, No. 1 (Copenhagen,

1969).

Baynes-Cope, A. D. "The Nonaqueous Deacidification of Documents," Restaura -

tor , Vol. 1, No. 1 (Copenhagen, 1969).

Barrow, W. J. The Barrow Method of Restoring Deteriorated Documents . Rich-

mond, Virginia, 1965.

. Deterioration of Book Stock: Causes and Remedies. Richmond,
Virginia: The Virginia State Library, 1959.

. "Spot Testing for Unstable Modern Book and Research Papers,"
Permanence/Durability of the Book VI . Richmond, Virginia, 1969.

. "Spray Deacidification, " Permanence/Durability of the Book III .

Richmond, Virginia, 1969.

. "An Undesirable Property in Paste and Mending Tissue," The Amer -

ican Archivist , Vol. 30, No. 1 (1967).

Brommelle, N. S. and J. R. Harris. "Museum Lighting" and "Artificial Light-
ing," Museums Journal , Vols. 61 and 62 (1961 and 1962).

Browning, B. L. Analysis of Paper . New York: Marcel Dekker, Inc., 1969.

Buck, R. D. "Note on the Use of Mending Tapes on Paper," Bulletin of the

IIC-AG , Vol. 2, No. 1 (1961).

. "A Specification for Museum Airconditioning," Museum News , Part I,

Technical Supplement No. 6, Vol. 43, No. 4 (December, 1964).

Bulletin of the IIC-AG , Vol. 2, No. 1 and Vol. 4, No. 1 (1961 and 1963).
Notes on ultraviolet absorbing Plexiglas.

The Conservation of Cultural Properties with Special Reference to Tropical
Conditions , Museum and Monuments Series XI. Paris: Unesco, 1968.
Special reference to articles by N. S. Brommelle on museum conditions;
P. Coremans on climate; R. Heim, F. Flieder and J. Nicot on mold; J. J.

H. Szent-Ivany on insect pests; A. E. Werner on conservation of paper.
See also the appendix on the synthetic materials used in conservation.

Coremans, Paul. "Climate and Microclimate," The Conservation of Cultural

- 101 -



Properties with Special Reference to Tropical Conditions . Paris:
Unesco, Museum and Monuments Series XI, 1968.

Cunha, G. M. and D. G. Conservation of Library Materials , 2nd ed. Metuchen,
N. J.: The Scarecrow Press, Inc., 1971.

Dolloff, W. and R. L. Perkinson. How to Care for Works of Art on Paper .

Boston: Museum of Fine Arts, 1971.

Feller, R. L. "Control of Deteriorating Effects of Light on Museum Objects,"
Museum (Unesco), Vol. XVII, No. 2 (1964).

Flieder, F. La Conservation des documents graphiques; recherches experiment -

al , Edition Eyrolles. Paris: ICOM, 1969.

and J. Boissonnat. "Etude des propri£t£s fongicides de l'oxyde
d'ethylene," Bulletin d ' information aux Archives de France , No. 1 (1961).

Garver, T. H. "Control of Atmospheric Pollutants and Maintenance of Stable
Climatic Conditions," Museum Climatology , IIC London Conference (1967).

Hanft, W. "Packing for a Traveling Show of Prints," Bulletin of the IIC-AG ,

Vol. 2, No. 2 (1962).

Harrison, L. S. Report on the Deteriorating Effects of Modern Light Sources .

New York: The Metropolitan Museum of Art, 1954.

Hegnes, D. C. "What's New in Glass," Museum News , Vol. 51, No. 1 (September,

1972).

Horton, Carolyn. Cleaning and Preserving Bindings and Related Materials ,

Program of Library Technology. Chicago: American Library Association,
1967.

Judd, D. B. Radiation Hazards of Museum Light Source , Report 2254. Washing-
ton, D.C.: National Bureau of Standards, 1953.

Keck, Caroline K. "On Conservation," Relative Humidity, Museum News , Vol.

50, No. 8 (April, 1972).

. Safeguarding Your Collection in Travel . Nashville: American Asso-
ciation for State and Local History, 1970.

, H. T. Block, J. Chapman, J. G. Lawton, and H. Stolow. A Primer on
Museum Security . Cooperstown, N. Y. : New York State Historical Associa-
tion, 1966.

Kelly, R. and S. McCandless., "Museum Lighting," Museum News , Vol. 37, Nos

.

1, 2, and 3 (1959).

King, A., A. Pelikan and Falconer, "The Use of the Archivists Pen and

- 102 -



Universal pH Solution for Estimating the Surface pH of Paper," Studies

in Conservation , Vol. 15, No. 1 (1970).

igwell, W. H. "The Vapour Phase Deacidif ication of Books and Documents,"

Journal of the Society of Archivists , Vol. 3, No. 3 (1966).

; Library Quarterly , Vol. 40, No. 1 (1970). Special reference to articles

by B. L. Browning on the nature of paper; R. D. Smith on paper deacidi-

fication; C. J. Wessel on the environmental factors that affect paper.

cer, E. D. "Sulphur Dioxide Pollution of the Atmosphere: A Further Re-

port," Journal of the Society of Archivists , Vol. 2 (1962).

:ck Index , 8th ed . Rahway, N.J.: Merck & Company, 1968.

isell Book of Color , Glossy Finish Collection with Removable Samples.

Baltimore, Maryland: Munsell Color Company, 1966.

;eum Climatology, IIC London Conference, rev. ed . London: Butterworths

,

1968. Special reference to articles by J. R. J. vanAsperen de Boer on
humidity; W. J. Boustead on dehumidif ication; M. Brawne on lighting;
N. S. Brommelle on conservation; T. H. Garver on pollutants; F. H. How-
orth on air conditioning; A. J. Haagen-Smit on pollution; H. Jedrzejew-
ska on effects of disinfecting agents; R. J. Organ on humidity control;
T. Padfield on show cases; N. Stolow on transportation of art objects;
K. Toishi on transportation of art objects; R. E. Waller on pollution.

seums and the Environment , American Association of Museums. New York:
Arkville Press, 1971.

tional Fire Protection Association, The Standards of . Boston: 60 Battery-
march Street. With special reference to Standard No. 911.

blecourt, A. Protection of Cultural Property in the Event of Armed Con -

flict . Paris: Unesco, 1958.

troff, E. "Preservation of Photographs," Photographic Journal (October,
1967).

elan, W. H. , N. S. Baer, and H. Indictor. "An Evaluation of Adhesives for
Use in Paper Conservation," The Bulletin , IIC-AG, Vol. 11, No. 2 (April,
1971).

enderleith, H. J. and P. Philippot. "Climatology and Conservation in
Museums," Museum (Unesco), Vol. XIII, No. 4 (1960).

enderleith, H. J. and A. Werner. The Conservation of Antiquities and Works
of Art , 2nd ed. London: Oxford University Press, 1971.

'rotecting Our Art Treasures," Rohm and Haas Reporter , Vol. 22, No. 4 (Sep-
tember-October, 1964).

- 103 -



Regulations of Pesticides in the United States . Washington, D.C.: Food and

Drug Administration of the Department of Health, Education and Welfare,
1968.

Sack, S. P. "A Case Study of Humidity Control," The Brooklyn Museum Annual ,

Vol. 5 (1963-1964).

Smith, R. D. "New Approaches to Preservation," The Library Quarterly , Vol.

40, No. 1 (1970).

. "Paper Deacidification: A Preliminary Report," Library Quarterly ,

Vol. 36, No. 4 (1966).

Stolow, N. "The Action of Environment on Museum Objects," Part II, "Light,"
Curator , Vol. 9, No. 4 (1966).

"Controlled Environment for Works of Art in Transit." London:
Unesco and IIC, Butterworths (1966).

. "Fundamental Case Design for Humidity Sensitive Museum Collec-
tions," Museum News , Technical Supplement No. 11, Vol. 44, No. 6 (Feb-

ruary, 1966).

. "The Ideal Container and the Travel of Works of Art," Museum
Registration Methods . Washington, D.C.: The AAM and The Smithsonian
Institution, 1958.

. "Some Studies on the Protection of Works of Art During Travel,"
Recent Advances in Conservation , Rome Conference IIC. London: Butter-
worths, 1963.

"Standards for the Care of Works of Art in Transit," Museum
Climatology , IIC London Conference, rev. ed. (1968).

Studies in Conservation , Vol. 6, No. 4 (1961). Reports given at IIC Rome
Conference of 1961. Special reference to those by L. Santucci; F.

Gallo; P. Gallo; W. Boustead; and F. Flieder.

Thomson, G. "A New Look at Colour Rendering, Level of Illumination and Pro-
tection from UV Radiation in Museum Lighting," Studies in Conservation ,

Vol. 6, Nos. 2 and 3 (1961).

. "Air Pollution--A Review," Studies in Conservation, Vol. 10, No.

4 (1965).

Toishi, K. "Humidity Control in a Closed Package," Studies in Conservation ,

Vol. 4, No. 3 (1959).

Waters, Peter. Emergency Procedures for Salvaging Flood or Water-Damaged
Library Materials (Xeroxed manuscript, July 31, 1972, obtainable from
The Administration Department, Library of Congress, Washington, D.C.)

- 104 -



Weidner, M. K. "Damage and Deterioration of Art on Paper Due to Ignorance
and the Use of Faulty Materials," Studies in Conservation , Vol. 12, No,

1 (1967).

Wessel, C. J. "Environmental Factors Affecting the Permanence of Library
Materials," The Library Quarterly , Vol. 40, No. 1 (1970).

Williams, J. C. "Chemistry of the Deacidif ication of Paper," Bulletin of

the IIC-AG , Vol. 12, No. 1.

Zigrosser, C. and C. M. Gaehde. A Guide to the Collecting and Care of Orig -

inal Prints . New York: Crown Publishers, Inc., 1965.

105 -



\



REBAY

N Clapp, Anne F.

856O nURATORlAL CARE OF WQRj©

C589 OF ART ON "'

Eggs.




